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AkKUAL BsFOBT Of THB GEOLOGICAL SUBTXT OF InDIA, AND OF THB GbOLOOICAL 

MUSBUX, CaLCTJTTA, fob THB YBAB 1871. 

m 

The close of the year calls for the usual annual summary of proceedings of the Qeo- 
l(^cal Surrey. 

As r^ards the staff available during the twelve-months from the Ist of January to the 
3l8t December 1871, we have been rather more fortunate during the past year than on other 
occasiona. During a portion of that time, all the members of the Survey establishment 
were at work at the same time — a rare occurrence. Shortly after the year opened, Mr. Jos. 
W. Alexander was appointed an assistant in the room of Mr. Ormsby, whose death it was 
my duty to report in 1870. Mr. Alexander was engaged in office work for some months, and 
gave high promise of efficiency. After a few months, he was, however, nominated by the 
Hon1>le the Lieutenant-Governor of Bengal to the charge of the Maharajah of Durbungah 
and of his brother (minors). His place was fortunately supplied without much delay by 
the appointment of Mr. James Willson, Au B., whose university course had been marked 
by the highest honours, and who had for some time been engaged successfully as Professor 
of Mathematics in this country. He had given special attention to the study of Physics, 
Geology and Mineralogy, and had obtained honors in these subjects at his final examination 
m Trinity College, Dublin. He has been actively engaged sinoe his nomination in October. 

These repeated changes, as frequently noticed, give rise to delay, complications and 
difficulties, which very seriously impede the progress of the survey. It has been recom- 
mended as the best means of preventing, so far as practicable, this injurious result, that 
two or three supernumerary assistants should be appointed who would become absorbed into 
the general staff as vacancies occurred, and who would meanwhile have acquired a 
sufficient intimacy with local geology, and with the modes of enquiry to enable them to be 
at once effective and useful. The working staff would thus be maintained at its proper 
strength and an equable progress would be secured. At present, every new assist- 
ant is comparatively useless for one whole working season, until he has become acquainted 
with what has been done, and can thus take his place with the others in extending this 
knowledge. 

Mr. Medlicott, who, as stated in last report, had commenced the detailed examination 
of the country near Mohpani coal-field, and the Puchmurri hills, on the south of the 
Nerbudda valley, using for the purpose of recording his observations the maps of the Topo- 
graphical Survey, just issued, was enabled to get over a considerable area. As noted on a 
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former occasion, when this important district was first visited by the Geological Survey in 
1856-57, no maps of it existed, and to ^ve even an approximate idea of the structure, it was 
necessary to construct a sketch map as our work processed. This, of course, had no preten- 
sions to great accuracy, and it was therefore important to take advantage of the publication 
of the regular survey maps at the earliest date. Towards the close of the season, 
Mr. Medlicott, I regret to say, sufiEered from a very severe attack of fever which incapacitated 
him for work. Hoping that a little rest and change of air would restore him to health, 
he obtained t&ree months' privilege leave and proceeded to England, but the attack proved 
so severe and continued that he was obliged to obtain an extension of leave on medical certi- 
ficate. Finding himself quite well again, he has returned before his leave expired, and 
has taken up the continuation of his old work on which he is now engaged. It is hoped 
that he may have no return of the attack. He resumed work at the commencement of 
December. 

Mr. W. T. Blanford, who had at the opening of the season proceeded to the 
Godavery river to report upon the various places where coal had been 'said to occur in the 
vicinity of the great works for the improvement of the Godavery at Dumagudinm, very 
successfully completed the careful mapping of the coal-bearing rocks within the British 
territory, and carried the lines of boundary into the country of His Highness the Nizam on the 
opposite side of the river. Two sets of boring-rods had been sent out from England for this 
district, and these were placed under the immediate charge of Mr. J. Yanstavem, C. E., 
Executive Engineer at the Godavery works. Previously to the arrival of these tools, 
Mr. Vanstavern had been carrying out a series of short borings with some small tools at 
his disposal, but immediately on receipt of the others, he commenced a systematic examina- 
tion of the entire area of coal rocks on the British side of the river, acting strictly in com- 
pliance with Mr. Blan ford's suggestions. Mr. Heppel was also moved down from Chanda 
district, and for a short time superintended the actual borings. After his departure, and np 
to the present time, Mr. Vanstavern has with much skill, intelligence and system carried 
out the series of borings agi'eed upon, and there only remain now one or two still required 
to give a very complete insight into the structure of the area in question. It is unnecessary 
here to enter into details, as Mr. Blanford's results have been already published. Unfor- 
tunately there is little prospect here of any but a very limited supply of poor coal. The 
area of the rocks which occurs in British territory in this vicinity is very small, and the beds 
of coal which occur are most extremely irregular and thin. Mr. Blanford's estimate of 12,000 
tons may be added to in consequence of more recent borings, but at best the supply is 
limited. And the larger portion of the coal must be sought for on the opposite bank of the 
river in the territories of His Highness the Nizam. 

One of the first matters to which Mr. Blanford directed his attention on arrival at 
Dumagudium was to take advantage of the accurate local knowledge of the countries they 
inhabit, which is always possessed by the wilder tribes inhabiting the jungles and more in- 
accessible poifbions of the districts, by a well directed distribution of small fragments of 
coal over all the country, thus showing to the people actually what it was, for the discovery 
of which a liberal reward had been offered by the Government of the country. The success 
of this plan was not long after attested by the report to the local authority of the existence 
of thick beds of coal in the valley of a nullah not very far from Pakhall, in the vicinity 
of Warungul. There would seem to be here a thick bed of coal well exposed, said to be 
dipping at the high angle of 45°. The country around is all jungle, at present frequented by 
wild elephants, but it could be easily opened out. I have no doubt that other similar reports 
of coal will be brought in from time to time. 
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Mr. Blaiiford later in the season carried out a general mappings of the extent of the 
sandstone area in this part of the Nizam's dominions, and southward into Madras Presidency, 
where it stretches down to within about eight miles of Ellore. All these rocks as seen at surface 
appear to belong to the group which occurs over the true coal-bearing rocks. The country is 
very widely covered by jungle and poor forest, and is in many places quite inaccessible for close 
or detailed examination. But, so far as practicable, a knowledge of its structure will be 
obtained during the present year by Mr. King, who has been placed there for this purpose. 

Mr. Blanford completed a long season in this very unhealthy country; but not, I 
regret to say, without suffering. He was very unwell afterwards in Calcutta, but was able 
to take the field in Sind at the beginning of the present season. On his way thither, he 
devoted some time to the examination of the neighbourhood of Bombay, where the Municipal 
Commissioner had sought the advice of a Geologist with reference to a proposed plan of 
conveying water to the city through tunnels in the solid rock, which it was supposed would 
prove much cheaper than the laying down of iron pipes. 

Since Mr. Blanford's arrival in Sind, he has been deputed to accompany the Boundary 
Commission under Sir F. Goldsmid in its visit to Seistan, &c., a trip from which 
I confidently anticipate that much valuable information regarding a country almost 
entirely unknown will be derived. It is a duty also for which Mr. Blanford's wide acquaint- 
ance with Natural History in general as well as Geology peculiarly qualifies him. He has 
made most excellent use of the brief delay which occurred before starting, and has been able 
to visit many places of interest in the Persian Gulf and also on the Arabian Coast. 

Mr. W. King, Deputy Superintendent for Madras, on his return from furlough, com- 
menced his field examination from the Toongabudra river, and examined the country lying 
on either side of the Madras and Bombay railway up to the boundary of the great area of trap 
rocks which cover such an immense space in the Deccan. The main object, as stated before, was 
to cany out here an investigation of the several rocks which occur between this vast thick- 
ness of overlying trappean rocks above and the even more widely spread base of the under- 
lying gneiss and other metamorphic rocks below. Joining on, therefore, to the south-west with 
the lines already fixed by Mr. Foote as noticed in last report, Mr. King advanced to the north- 
east, and was able to get over about 1,400 square miles of area up to Goolburga. Towards 
the latter part of the season Mr. King was attacked with fever, and other symptoms, and was 
driven into Bombay for medical advice. On getting better, he quickly returned to his work ; 
but the season was then so far advanced that much further progress was impracticable. 

The rocks met with were (1st) the crystalline metamorphics, consisting chiefly of 
granitoid gneiss, quartzo-felspathic in composition, with little foliation, where seen with a 
northerly strike and at low angles. This gneiss is much traversed by small granite veins 
(binary,) lying to a large extent in the lines of dip. Occasional bands of hornblendic gneiss 
also occur. The hilly and rugged parts are also frequently studded over with large bosses and 
tors. The surface is generally flat and covered up by black cotton soil and alluvial deposits. 

Overlying the gneiss in the valley of the Bheema is a series of limestones, sub-metamorphic 
in texture and bearing a strong general resemblance to the Kamul rocks. This may be pro- 
visionally called the Bheema group. It consists in descending order of — Red purple and 
chocolate coloured calcareous shales, flags and thin-bedded earthy-grey limestones ; thicker 
bedded earthy and sub-crystalline limestones. There is locally a great lenticukr patch of quart- 
zitic, sandy and conglomeratic beds. There are also, of course, many local variations in the 
groups from the general character given above. The most remarkable of these is a series of 
breociated beds, in which the materials composing the layers have been separated into numerous 
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sharply angular pieces, and recemented by a material of precisely the same general charac- 
ter as the mass. These are exactly like similar beds described in the Kamnl and Eadapah 
formations. GeneraUy, the lie of these Bheema beds is quite flat, or with a gentle dip to the 
north-west. The different groups noticed above do not appear to be unconformable, but the 
newer overlap the older to a considerable extent This is the case also with the trappean 
beds which come over and rest upon the Bheema rocks. Wherein contact, only sliglit 
alteration has been produced in the underlying beds by the overflow of the traps; purple 
shales become of a bright red colour, and weather with a soft velvefy powdery surface, &c 

Of the traps themselves, there is only a very limited thickness near the boundaiy. The 
series is made up of several thin flows of various kinds, and of diflerent degrees of compact 
ness and hardness. The uppermost flow is generally decomposed into a form of lateritic rock. 

Mr* King has at the commencement of the present working season carried on these 
boundaries a little further to the north-east» but was obliged to hurry on to take up the 
examination of the Godavery area to which Mr. Blanford was unable to return. In addition 
to this field work he has also supplied the Director of Revenue Settlements, Madras, with 
notes on the geology of the Cuddapah and Nellore districts. 

Mr. Bruce Foote continued the examination of the similar rocks to the south-west 
joining on to the limits of last year's exploration. It was hoped that he would have been 
able to complete the country up to the western ghats, but the boundaries proved so much 
more intricate and complicated than was anticipated, that this was impracticable. Mr. 
Footers close examination of the country was rewarded towards the end of the season by 
the very interesting and important discovery of the fossilized remains of a JRhinoceros in 
the regur or black cotton soil. These have since been worked out with great care by Mr. 
Foote» and will be hereafter described. 

Mr. W. L. Willson has continued the examination of the southern portion of the 
Jhansi district, and of Lullutpur to the south, and the native states of Tehree, &c., to the east. 
Over all this country the same remarkable series of trappean dykes and quartz reefe, already 
noticed as occurring in the adjoining districts, can be seen, running up to the Far sandstone 
scarp south of Gwalior to the north-west, and to the very bases of the Yindhyan and Bijawur 
rocks in the south-east. In no case, however, do these dykes penetrate either of these forma- 
tions. They occur, apparently more numerously than elsewhere, from a few miles north-east 
of Jhansi to the Yindhyan scarp on the south-east ; their range being chiefly from north-20** 
west to north-west. There is a tendency to a more easterly strike, as you pass to the north- 
east towards the Dessaun river and Nowgong, while along the Dessaun a very few occur, 
which head north, or a little west of north. The dykes frequently divide and form loops. 
Many of them are of considerable size, and a few can be traced for many miles in nearly right 
lines. They are, whatever their actual age may be geologically, undoubtedly subsequent to 
the ' quartz reefs,' through which they are seen to pass, and portions of which they show im- 
bedded in the mass of trappean matter along the edges of the dyke. 

Some curious outliers of the infira-trappean limestone were noticed in the southern part 
of Lullutpur well out on the general flat composed of the crystalline rocks and covered by the 
ordinary Malwa and Deccan trap rocks; these are of the usual earthy and cherty light coloured 
calcareous rocks, in places worked for lime to whitewash the houses with. North of 
Jacklone the base of the series, as elsewhere in Sanger, is formed of pebbles of sandstone in 
which numerous fragments of chert and limestone occur. When the soft matrix is washed 
out the beds appear to consist only of these pebbles, occasionally some feet in thickness. 
Black soil occurs in all these localities over the kunknry day, which forms beds of considera- 
ble thickness, 30 to 50 feet. Mr. Willson also notices a remarkable local development of 
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Uaek floil. ''In veiy many places, when a large dyke is traceable through a valley, with ridges 
of gneiBsose rocks on either side, it frequently forms a marked lane of black clay up to the 
base rodrs bounding it. And the dyke may often be traced across alluvial ground by this lane- 
shsped band of black clay, although no rock is visible." Another fact in the physical con- 
figuration of the country arises from the resistance to decomposition of these trap dykes, which, 
therefore, very frequently occur along the top of the minor watersheds, where also most of 
the villages are placed. 

During the present season, Mr. Willson continhes this examination to the east, complet- 
ing the northern portion of Dumoh district, hr which no maps were available in former years. 

Mr. Fred. Mallet had been deputed towards the close of last year, when returning 
from Europe, to visit and examine the vicinity of Aden, with especial reference to the possi- 
biliiy of obtaining a good supply of pure water for the inhabitants of that important station. 
The results of this examination were published immediately on his return. He showed that 
there was an abundance of water nearer to the foot of the hills a short distance from Aden, 
bat that this became absorbed in the sands that intervened between these streams and the 
sea ; in other words, that there was an abundance of good water, but that artificial means 
of conducting it into Aden would be requisite. There seemed nowhere such a structure 
as would justify the expectation of procuring water by wells sunk on the artesian 
principle. 

Immediately on his return to India frt>m this duty, Mr. Mallet was despatched to complete 
the geological examination of the southern part of the Mirzapdr district which had been left 
imfinished. This would carry our knowledge of the geological structure of that country 
southwards to the long known coal-pits of Eota, which were to be examined in greater detail 
so soon as the maps of the adjoining country were available. This duty Mr. Mallet effectively 
performed. During the recess he has been engaged in working up his maps, &c., and in a 
careful examination of some interesting minerals he met with in that district in connection 
with extensive masses of Corundum, and of which a brief account is given in the present 
number of the " Records of the Survey." 

To Mr. Mallet I also entrusted the entire remodelling of our collection of minerals. 
When first the Museum was opened, the best series which our collection then afforded was 
brought together, and was arranged by Mr. H. F. Blanford for exhibition. This was unfor- 
tonately a very incomplete and poor series, but such as it wab it proved useful. During subse- 
quent years, this collection has been steadily kept in view, as opportunity offered of acquiring 
additional specimens. And as a large number of additions had been brought together by 
donation, by occasional purchase, and by exchange, it was determined to have the whole series 
remodelled. The collections had been arranged in accordance with the fourth edition of 
Dana's system of Mineralogy (1854), but was now brought into agreement with the last or 
fiftii edition, 1869. Up to last year the arranged collection represented 224 species by 1,460 
spedmens. It now represents 358 species by 2,239 specimens. The number of specimens 
used to illustrate each species remains therefore about the same (6 to 7), but the actual number 
has been increased by 779. But as, in addition to this increase in number, many inferior speci- 
mens have been eliminated and better ones introduced in their stead, and a few which had been 
misnamed removed, the actual number of neto specimens added has considerably exceeded this 
addition to the total number. These new specimens have been selected from the various 
collectionf stored from time to time in the Museum ; from others purchased frt)m Professors 
Klipstein, Krantz, &c., and from others presented by various persons or obtained in exchange* 
as well as from those collected in various parts of the country by the officers of the Survey. 
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The most important additions haye been native Gold, native Platinam, and Platinum 
metals ; native Sulphur from Ladak ; very fine crystals of Galena ; Cinnabar, Nickel 
and Cobalt ores ; Bounionite ; Tetrahedrite ; soluble Chlorides from Stassfurt, Fluorides from 
Greenland ; Cuprite from Cornwall ; Hsematite ; Spinel ; Magnetite ; Rutile ; Pyrolusite ; 
Diaspore; Manganite; Limonite; Brucite; Psilomelane; Wad; some remarkably fine 
specimens of quartz and opal ; Wollastonite from Auerbach ; varieties of Augite and Horn- 
blende ; Tachyllite ; Beryls from Donegal ; Emerald from Siberia ; Olivine ; many very fine 
additions to the Mica and Felspar series ; Tourmaline ; Kyanite ; Sphene ; Dioptase ; a few 
additions to the Zeolite series ; Serpentines from the Lizard ; Margarite from North America ; 
Pyromorphite ; Lazulite ; Borates, especially Boracite in beautiful crystals ; Tungstates ; 
Molybdates ; some fine crystals of Crocoisite ; soluble sulphates from Stassfurt ; Siderite ; 
Cerusite ; Niellite and other organic compounds, in addition to many rare minerals, which 
were unrepresented in the collection previously. 

Mr. Mallet has carried out this re-arrangement with great zeal and success. He had 
slight aid for a time from Mr. Alexander, but on his departure was alone in the work. And 
the ability with which it has been done under excessive difficulty as to space, and other 
important inconveniences, and in rooms specially badly lighted, have borne ample testimony 
to the many advantages of study in Europe, which Mr. Mallet had been liberally allowed 
to reap daring three months' time in addition to his furlough. The cost of this indulgence 
has been much more than repaid to the survey, not only by the additional knowledge so 
earnestly acquired by Mr. Mallet, but also by the valuable series he brought back with him. 
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Mr. Mallet himself had also brought back with him from Europe some very interesting and 
valuable additions, all of which have been embodied in the general series. 

It is at all times a difficult and costly task to form a really valuable series of minerals. 
Many varieties can be obtained only at rare intervals and under fiivorable circumstances, and 
excepting by the purchase of some good collection, the growth of many years hi constant 
attention, it would be. impracticable now to produce any extensive and really fine col- 
lection of minerals within a limited ^time. The object, therefore, has been to render 
our series as practically useful as was possible, leaving the obtaining of handsome 
or showy specimens of various species to such future opportunities as may occur. The 
general value of the series may be gathered from a summary of the number of representatives 
of each group into which it is divided. We have of — 

Native Elements 

Bolphides, Arsenides, &c. ... ... ... ... 48 298 < 

Chlurides 

Flaorides 

Oxides 

Anhjrdrons Silicates 

Hydrous Silicates 

Tantalates, Columbates ... 

Phosphates, Arsenlates, &c. 

Borates ... ... ... ... 

Tangstates, Molybdates. &c. 

Sulphates, Chromates, Ac. 

Carbonates 

Oxalates 

Hydrocarbon Ck)mponndB 
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In addition to this labour, Mr. Mallet undertook the duties of Curator, during the 
tanponzy absence of Mr. Tween, for three months' privilege leave. 

Mr. Mallet has this season again taken up the examination of the Eota coal-field, ex- 
teodini^ as it does both into Rewa and Chota Nagpore. 

At the commencement of the year (1871)» as stated in the Report of 1870, Mr. Hughes 
was actively engaged in the investigation of the Wurdha river coal-fields. During the 
€arlj portion of the season, his time was much occupied in meeting the district officers 
doling their visits to the field, and in pointing out to them how much had been ascertained 
regarding the coal. These interruptions to his regular work most seriously interfered with 
his progress, and by necessitating frequent long and forced marches to and fro, without any 
sofiSeient convenience for such rapid moving, the cost of which is such as the limited allow- 
ance of the Greological Survey do not meet, they also resulted in his being laid up by an 
injury to one of his feet, which for some time entirely prevented his moving about at alL 
He remained, however, on the ground, and continued to give advice as to the borings. As 
so<Hi aa able, ' he resumed his work, but at the close of the season he was obliged to proceed 
borne on medical certificate. 

Ijate in the season (May) he crossed into His Highness the Nizam's territories, and 
pointed ont to Mr. Whyte, who had been sent by the Nizam's Government to put down trial 
borings in the country opposite Ballarpur, the structure of the rocks, and suitable places 
to work, for which aid Mr. Whyte expressed his obligation, and J am informed that the 
resnlt has been the proving the existence there of more than fifty feet in thickness of coal. 

During the season, the various borings carried out on both sides of the river have en- 
tirely confirmed the conclusion already arrived at with respect to this field, and have 
established conclusively upon what a very irregular surface the upper rocks have been depo- 
sited. The eastern boundary of these rocks was examined for a considerable distance, and 
they were found to be &ulted against the gneiss, as far south as Sitarampett, or nearly to 
Moharli ; here, however, the fault at the surface passes through the Kamthi rocks them« 
selves, bringing into contact different beds of the same series. South of Moharli again the 
gneiss and sandstone are in contact along the boundary fault. The occurrence also of a 
small inlier of the Talchir rocks between Walwut and Sin41a adds a convincing fact to the 
other evidence as to the irregular thickness of the upper (Kamthi) series, and shows the 
necessity for actual trials before attempting to assert definitely the depth at which, or the 
points where, coal may be found. The general structure of the whole field, namely, a wide 
anticlinal, largely denuded at the top of the curve as pointed out (by Mr. W. Blanford,) on 
the first examination of the area, poupled with the many instances in which the Yindhyan 
rocks below the coal occur in isolated and detached patches either at the surface, or at small 
depths below it, places it beyond a question, that this central portion of the field is one in 
which the flooring of the older rocks comes very near to the surface, and so irregularly that 
the coal, where found, will only be in small and discontinuous basins. For any large and con- 
tinuous areas, we must go beyond this portion. To the west, the existence of the coal has 
been fully proved over a long line of country in East Berar, To the east there is no reason 
to assume its absence, but its occurrence has not been proved as yet. 

Wurrora, where a coal-pit has been commenced, is unfortunately not, as stated, on the 
east scarp of the anticlinal, but a considerable distance from it, although the coal extends over 
a sufficient area to yield a good supply for some time. 

From a knowledge of these facts, and a general consideration of the lie of the ground, I was 
compelled during the year, on the question being referred to me, as to * what action should be 
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taken in the matter' regarding the proposed line of railway to connect these coal-fields with 
the Bomhay and Nagpore railway, to point out the facts, and to uige strongly, that if the 
object in view were to obtain the coal cheaply, there could be little question, that a line direct 
to the Woon district of East Berar would be both shorter and cheaper, and would at the 
same time be more efiective in tapping the largest and best cotton-growing districts of the 
countiy. This line would have to cross only one large stream, the Wurdah, while the other 
line, as proposed to Wurrora, would have to cross four or five, of which even one, taken alone, 
would be heavier than the Wurdah, as shown by the estimates. I have been informed, though 
not officially, that after a consultation between the Chief Commissioner of the Central 
Provinces and the Commissioner of East Berar, this alteration in the line proposed has been 
recommended. K carried out, it wiU undoubtedly give an easy access to a very large supply 
of coal of such quality as occurs in this field. All that has been found is of poor quality, 
breaks down very rapidly on exposure and drying, and is therefore wasteful ; nor will it bear 
very heavy draft in the fires, but with properly adjusted fire-bars and firequent care it can be 
used with success. The coal &om near Sastu, in the Nizam's dominions, is the most durable 
yet raised in these fields. 

In connection with this field, it is much to be regretted that some trial borings were not 
during the'season devoted to proving the eastern slope of the anticlinal referred to above. 
A few well selected borings would have settled the point as to the existence of coal. As I 
have already said there is no reason to assume its absence, but it has not as yet been proved to 
be present anywhere along this line. A trial boring was put down to the east of the town 
of Chanda at an early date, but this having reached a depth at which the progress weekly 
with hand-boring was only a few inches, was stopped on the arrival of a steam-boring 
machine. This was at once put to work a little further to the dip, but the ground proved 
so soft that tubing was required, which was not available at the moment. The steam-borer 
was then moved to Wurrora, and has been kept there since. And no further attempt has 
been made to prove the coal. There is most probably a large area over which it will be 
found, and possibly at very workable depths. Any part of this eastern scarp of the anticlinal 
will, however, be much more distant from the existing lines of railway than other sources of 
coal, and will, therefore, be more looked to in the future than at present. There is also a 
very large area of His Highness the Nizam's dominions, under which workable coal will be 
found, and which will at some future time prove very valuable. The occurrence of nearly 
50 feet of coal, as proved at Sastu by Mr. Whyte working on behalf of the Nizam's GK)vem- 
ment, is only an instance. When examining the neighbourhood of BaUarpur, in the com- 
mencement of 1870, on the opposite bank, it was stated that the larger part of the coal 
would be found in the right bank of the Wurdah in the Nizam's dominions. And these 
sinkings have quite confirmed the statement 

Mr. Hughes is still absent on leave. 

Mr. Fedden was engaged in continuing his examination of the trappean rocks over- 
lying the coal-bearing series to the west, and in clearing up one or two doubtful points as to 
their boundary, &c. In the jungly country of Edulabad and to the east of that town between 
it and the Wurdah, he suffered from repeated attacks of fever, which at last drove him from 
the place ; and under medical advice, he proceeded somewhat earlier than customary to the 
hills. He has resumed his work in better strength this season, and as firom the small amount 
of rainfall in these districts the state of the country is more favourable for work than usual, it 
is hoped he will be able to effect good progress. 

Mr. Hacket during this season completed the district of Jubbulpur, of which he had 
in the previous year commenced the examination. The southern, south-eastern and south- 
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vestem portions having been completed last season, the remainder has oome ander observa- 
tion now. It was hoped also that the small district of Bijooragooghnr, now attached to 
sad forming a portion of Jubbalpur, would have been completed also, bat Mr. Haoket was 
laid up towards the close of the season by seyeral slight attacks of fever and its conse- 
which prevented this. 



The (Bgawur) series extends in a north-east and south-west direction across the 
e^tral portion of the district. At the north-eastern end, on the water shed between the 
Xeibodda and the Mahanuddy rivers, thej occupy nearly the entire surface, which intervenes 
between the Jubbulpur beds and the trap area to the south, and the Yindhyan rocks to the 
north. Here they form a considerable range of hills, the Bhitree hills, but towards the 
Mmih-west in* the Nerbndda valley, the section is less perfectly seen, and the rocks of the 
are only seen in a few large hills isolated by the alluvium. West of Jubbulpur, 
the exception of a Mnge of rocks cropping out from under the trap on the south side 
of the valley, and of a few small hills on the northern side, the series is covered by the 
Nerbodda alluvium. The Bijawur series includes a great variety of rocks, of which the 
principal are slate, micaceous quartzites, limestone, ribboned jasper rocks, highly ferruginous 
and banded silicious rocks, micaceous schists, and igneous trappean rocks, both contempora- 
neous and intrusive. Cleavage abounds especially in the lower rocks, and often obliterates 
the dip ; the cleavage heading east 15° to 20° north and underlying to the south at 60°. 
The whole series, notwithstanding very numerous local contortions, may be described as 
Ibrming a shallow synclinal, the lowest group cropping out on the northern and southern 
sides and the higher group being best seen in the centre of the area. Four groups may be 
defined, though they pass gradually into each other. These in descending order are (1) the 
Chnnderdeep group, called after the station of that name, and consisting of mica schists 
and limestones ; (2) the Lora group, called after the Lora hills near Sehora, consisting of 
ribboned schists, in places highly ferruginous ; (3) the Bhitree group, called after the 
Bhitree hills at the east end of the district, consistif in places of ribboned jasper, in places 
of quartzites with but little of this structure, and sometimes of schists, somewhat conglo- 
meratic ; and (4) the Mujhowlee group, well seen near the town of that name, consisting 
of slates, quartzites, and limestone. Although these are the lowest rocks seen, they do not 
constitute the base of the series. 

It would be of little use to enter into detailed description of these rocks without a 

geological map, and we shall therefore confine our observation to a very few points only. 

1*here are not many trap dykes seen, although it is possible that many exist which are 

concealed. Where the rocks are clearly exposed, as at the Marble rocks, several occur, 

offering peculiar varieties. Of the economic products of the district the iron ores are the 

most valuable. They occur entirely in the Lora group (^th the exception of a very small 

quantity obtained from the laterite of Bijooragooghur). The most important mines are at 

Joulee ; others are at Gogra, &c. : from Joulee alone fifty loaded buffaloes, each carrying 

about 3 maunds of the ore, are said to be despatched daily. The ore is a rich micaceous iron 

with hsematite. It yielded, on assay, 68*5 per cent, of iron. Mr. Olpherts, the resident 

engineer at Kutuee on the Jubbulpur line of railway, has leased these Joulee mines from 

Government, and has succeeded in bringing the hematite which occurs there into use as a 

paint-stuff. For this, on outdoor work and especially on iron, it is admirably adapted. 

He has erected on the Kutnee river, near Moorwatra, three or four little native constructed 

water-wheels, which turn grindstones about three feet in diameter, mnde of the K^wah 

sandstone. These grind the ore to an impalpable powder, after which it is dried and packed 

in cases. It sells retail for about £13 per ton. The excavations at Pullee are nearly 100 
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yards long by about 30 yards wide and 60 feet deep. There are also some old workings 
some quarter of a mile distant, where large excayations have formerly been made. The 
mines at Mungela, and at Agorea in the Mojgoan hills, and also in the hills west of the 
Marble rocks, are all situated on the same geological horizon, and the deposit of iron ore 
would appear to be very constant, and to offer a practically unlimited supply of the very best 
quality of ore. Small traces of cop{>er and lead have also been found, but nowhere in 
quantity which appeared to offer any prospect of working them to profit. 

Mr. Ball, who, as stated in last year's report, had proceeded to the south of Chota 
Nagpore and Sirgujah, completed last season a most admirable and largely extended re- 
oonnoissance of a yeiy extensive area. As stated then, there were gaps, for which no maps 
or surveys existed, so that detailed work was impracticable. But Mr. Ball has in a very 
satisfactory way obtained an approximate knowledge of the limitation of the various series 
of rocks, which will prove of the greatest service, when detailed examination can be taken 
up. And all this in a country where scarcely a road exists, and where it was essential to 
travel with the least possible amount of comfort. I am happy to be able to report that 
Mr. Ball has not suffered in health from Ids sojourn in these jungles, generally reputed 
very unhealthy. This season, Mr. Ball (taking with him Mr. James Willson, who» 
having only recently joined the survey, required initiation into the peculiarities of the 
various groups of rocks), has taken up the more detailed examination of the north-western 
extremity of the Chota Nagpore country, of which the survey maps have been published. 
Mr. Ball was absent for three months on privilege leave during the recess, a holiday which 
he had well earned. 

In Burmah, Mr. Theobald was more especially engaged in the examination or rather 
re-examination of the Arakan range of the Yoma. The peculiar relations of the altered 
rocks seen towards the centre of that range with the unaltered nununulitic rocks which 
occur in the flanks, to which Mr. Theobald has directed attention in papers published in the 
Records of the Survey, were still on many points open to doubt and question, and to de- 
termine these questions, Mr. Theobald crossed the range in several places right from the low 
ground of the Irrawadi to the sea coast. By these traverses he has satisfied himself that, 
notwithstanding the remarkable alterations to which the rocks occurring along the axis 
uf the range have been subjected, they belong to one and the same series as the undoubtedly 
nummulitic rocks seen on their flanks. Mr. Theobald also paid special attention to the 
brine springs of British Burmah, of which he has submitted a list, which will soon be given 
in the Records of the Survey, The great deficiency in detail and accuracy of the maps 
of British Burmah which we have to use, and the densely jungly nature of these less fre- 
quented portions of the country, must for generations render the close geological examination 
of the area quite impracticable, and all that can be looked for is such a general sketch of the 
geological structure as will give a tolerably accurate idea of the relations of the several 
rocks. 

Mr. Wynne, who during the preceding year had completed the examination of the 
eastern portion of the salt range in the Punjab, worked out the western part of the same 
area in considerable detail, and is now engaged in the country lying to the north of this 
range, and extending up to Attock, Hossein Abdal, &c. The strangely disturbed condition 
in which the rocks of the salt range are found, due not only to distinct faulting and disturb- 
ance on a large scale, but also to almost countless slips of enormous size along the bold 
scarp to the south, — resulting in a complicated arrangement of the several rocks, so 
intricate that it would be impracticable to make it intelligible without careful plans and 
sections — rendered it perfectly essential that the greatest care should be devoted to the proper 
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if«^%aiicni of the oontsined organic remsins on the spot by a competent PabBontologisty 
ttl I have, therefore, taken advantage of Dr. W. Waagen's having joined the survey, 
ad have entrusted to him a full examination of the lelatiors and mode of occnrrence of the 
uKk of this salt range^ and I have no doubt that the results will prove highly valuable. 
Br. Wmagen^ as will be seen from the coming number of the Records of the Survey, has 
lindy been. al>le to throw much light in this way on the puzzling sections seen near 
B!iTal Findee. 

Mr. Wynne's health was not at all as good as could be wished, but his zeal and earnest 
issBition enabled him notwithstanding to work out the area visited with an amount of 
are and detail which is highly creditable. 

I l&ave also taken advantage of the well advanced state of the descriptions and plates ' of 

^asls to enable Dr. Stoliczka, the FalsBontolbgist of the Survey, to visit and go over 

the euzioiisly interesting sections of the district of Cutch. He pro6eeded thither in Novem- 

W, and is mnch indebted to His Highness the Bao and all the local officers for the most 

Intn^y aid which will enable him to see more in the short time he can devote to the work 

^^n be otherwise would have done. Valuable results have been already attained, but these 

^ be better discussed after the examination has been completed. The entire series of 

£«sils will prove most interesting and valuable ; and Dr. Stoliczka's untiring zeal and energy 

vin enable him to unravel, by actual examination on the spot, some of the doubtful ques- 

toDB as to the distribution of these fossils in the several beds and other points of high 

geological interest. 

Mr. M. Fryar has been, during the whole year, detached on work not oonneoted with 
^e Geological Survey. 

PuBLiCATioirs. — ^The punctual issue of the Rbcosds of thb Gbologicix Subvet haa 
Wn steadily maintained during the year. And I believe I am justified in stating that this 
Kries giving early knowledge of important facts is steadily becoming more appreciated. The 
^^unbera for the past year contain the Annual Report of the Geological Survey and Museum, 
md the usual quarterly lists of the additions to the Library. In addition to these, are 
details of the explorations for coal in the Godivari valley, and descriptions of the aecom- 
puiying rocks by Mr. W. T. Stanford : a general sketch of the geology of the Central 
Provinces; on the structure of the Eonkan: Geology of Burmah; the Baigurh and 
Hengir coal-field ; reported discoveries of coal in the Madras Presidency, and other papers, 
in largely increasing the knowledge of the Geology of India, and thus gradually building up 
^ materials which will shortly enable a general geological map of the country to be 
prepared. 

Of the Palxontolooia Ikdica, we have issued not only the four fasciculi due for the 
twelre months past, up to October 1871, but have also issued in anticipation the entire 
Tolome due for this year 1672, up to October. The gpreat risks and xmoertainties attending 
tb execution of careful chalk drawings on stone in this climate have compelled me tO' 
utidpate our work in this respect as much as possible. From several years of trial, I 
foand that it was only possible to be certain of our publication of these fossil plates being 
panctually maintained with our very limited staff, when we were able to keep in advance- 
of the issue by nearly twelve months' woric. We have therefore been gradually and by 
gnat exertions gaining on the issue or publication, until this year I was enabled to publish 
fiye fiucionli in one part of the deseription of the oretaoeous bivalve fossils of Southern. I&dUu 
This completes the monograph of this class, and forms the third large volume of plates and 
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descriptions of that splendid series of fossils, the finest probably ever obtained from one 
limited district. The Pelecjpoda have been treated with the same fulness of detail as the 
other groups, and the volume wiU be found to constitute a general treatise on the classifica- 
tion and relations of the fossil and recent bivalves generally, as well as a detailed descrip- 
tion of the specific forms noticed in Southern India. This volume bears stronger testimony 
than any words of mine could to the ability and unceasing zeal of our Palseontolo^t, 
Dr. F. Stoliczka. 

The next group to be taken up, the Brachiopoda, are all arranged for the drawings and 
plates, and the MSS. descriptions have beeu completed. 

In addition to the completion of this volume of the ci'etaceous fossils, a fiusciculus has 
been published descriptive of some peculiar crabs found fossil in the tertiary rocks of Sind 
and Cutch, also prepared by Dr. F. Stoliczka. 

Almost immediately on Dr. W. Waagep's joining the Survey last year, the entire series 
of the Cephalopod fossils, collected in Kutch, was placed in his hands for careful examin- 
ation and description. For this Dr. Waagen was singularly well qualified by his intimate and 
accurate knowledge of the Jurassic rocks of Europe, and by his previous studies in this 
special family of organic remains. The result has fully justified our well grounded expecta- 
tions. The last number of the Records of the Survey contained a brief abstract of his 
researches. These are such as cannot fail to prove of the highest importance in their 
bearing on Indian G^logy, and brief as this mere abstract is, it is certainly one of the 
most valuable contributions yet made to Indian PalsBontology. Not less than about 80 
species of Ammonites alone have been recognized, of which 73 have been procured in suffi- 
cient preservation to be specifically described. Of these 73,^7 are old and well known species, 
and 36 are now for the first time described. Of all these, Dr. Waagen completed the detailed 
descriptions and careful drawings before going to the field. These drawings are now . 
being Hthographed. 

The rich collections of fossils from Indian rocks (although as a whole the greater part 
of the country is singularly barren of any organic remains) which have been so rapidly 
accumulated are now being so expeditiously and systematically examined that the publication 
of them is limited only by the very small sum at our disposal for such purposes. The 
present rate of issue of the Palsontologia Indica could be with ease doubled if funds were 
available. 

Of the Mehoibs of the Geological Survey two volumes are nearly ready, but have been 
unavoidably delayed by accidential injuries to lithographs, so that they could not be published 
before the dose of the year. 

Maps. — Sanction having been given to the publication of the larger scale maps which, 
whenever available, are always used in our field examination, arrangements have been in 
progress for carrying out this system. It has been necessary to make several trials before 
finally adopting any one plan, inasmuch as it is essential that all should be published on an 
uniform system, of colouring, of arrangement of maps, &c., &c. Draughtsmen had also to be 
trained to the work, differing essentially as it does from ordinary mapping work. These 
preliminary and tentative proceedings will now soon be brought to a close, and I expect 
that a short time will see the whole in good working order. A similar series of preliminary 
trials has been found essential in the Hthographing of the maps for final colouring. In 
these, we are greatly indebted to the friendly interest which Captain Murray, of the Surveyor 
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1*8 Department, has evinced in the matter. And I doubt not that a short time will 
now suffice to bring the system into operation, after full prevision, so as to prevent their 
beiiiK any interruption afterwards. 

Geological sketches of several districts have been furnished to local officers for use in 
gazetteers. Accounts of Bombay generally, of the Korth- Western Provinces, of Eerowli, 
have thus been supplied. 

LiBBABY. — During the twelve-months one thousand and sixty-eight volumes or part of 
▼olnmea have been added to the Library of the Geological Survey. Of this number about 
one-half, namely, 529, have been presented, and 639 have been purchased. A complete list 
of theee accessions has been given in the successive numbers of the Hbcobds. I append 
here a summary list of those Societies, Institutions, &c., from which presentations have 
been received during the last year. Recently established rules for the purchase of books, by 
which the purchase of any book in this country, however urgently required, has been strictly 
forbidden, and the establishment of an agency in London, which, however good for the provision 
of ordinary English books, never has had such connection with the foreign scientific societies, 
and such knowledge of the publication of scientific works, as would enable it satisfactorily to 
fulfil the duties of an agent for a purely scientific establishment such as the Geological 
Survey Library, will most seriously delay, obstruct, and impede the successful formation of 
what has ever been our great want here — a good Geological Libraiy. The delays alone will 
necessarily throw back our information more than half a year. Books delivered for trans- 
mission to our library in May last arrived in middle of November, those sent to India Office 
in July were delivered in Calcutta in middle of December. In this case the cost of 
transmission direct by post would have been less than the cost of the cumbrous and needless 
packing in boxes of wood and tin. In scientific enquiries and researches it is essential that 
we should have rapid and ready access to the latest publications, and delays of this kind, 
therefore, most seriously diminish the utility and interest of our labours. 

MusBUM. — ^As frequently stated, we can only maintain our collections in order by removing 
one series so as to make room for the examination of another, and so gradually, but with 
great inconvenience, bring them all into arrangement. I have already stated that during 
the year our mineral collection has been overhauled and entirely remodelled. This could 
only be done by removing from the cases a collection of rocks. This difficulty will, I fear, 
continue in full force until the -collections have been placed in the new building intended 
for their reception, when space sufficient for their exhibition and careful comparison will be 
avulable. Steady progress is, however, being made in the arrangement of the large collec- 
tions, and in the sorting them, so as to form, when space is procurable, duplicate series for 
exchange or presentation. 

An index map is appended showing approximately the present state of progress of the 
field work of the Survey. 

The various collections axe in as good order and safe keeping as the limited accommo- 
dation at our command will permit. 



T. OLDHAM, 

of Geol, Survey 
VI th January 1872. .) and Director qf Choi, Museum, Calcutta, 



Camp, Godavbby Bitbb, ") Superintendent of GeoL Survey of India, 

I. i 
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ROfJOa BECTIOK 8H0WIKO THB SSULTIOKS OF THB BOCKS KBAB MUBBBB (MASf), 

Punjab, by William Waaobk, Ph. D., Geological Survey of India, 

(Non.— For the Informatioa of many who frequent the Sanatorium of Morree, and who may be intereeted in 
the geoloffical atraetoie of the hiUa in that neighbourhood, we 8:iTe the following description of one easily accessible 
section close to that hill-station, the true relations of which hare hitherto poszled many obsorers, owing to the 
nomeroos contortions and fractorea to which the rocks hare been Ba1t|}ected. This one section will, it is hoped, serre 
as a key to others, and the rast importance of fossil remains as indicating the true position of the beds in which they 
oecnr, once recognised, it may &irly be hoped that greater care will in future be taken, not only in searching for 
these, bat still more in accurately establishing the beds from which they hare been taken,— a point hitherto 
sadly neglected). 

The deposits on which Murree is bnilt consist of red, clayey shite, with thick sandstone 
layers in it. These deposits are certainly younger than the Nummnlitic beds, which de- 
cidedly dip under the former. It is difficult to say anything more definite as to their age, 
erery trace of fossil (except a few bones formerly found, as I am informed) being wanting. 
(They are probably the representative of the true Siwaliks, further to the east). The 
thickness of this formation is great, but there are so many faults and contortions cutting 
through it that we cannot say how many times the same series' is repeated, and cannot, 
therefore, determine its thickness with any exactness. 

The true Nummulitic limestones are cut off from this formation mostly by enor- 
mous faults, so that it often seems as if the red layers were dipping under them, but in 
other places the superposition over the Nummulitics is veiy dear. 

The ridge of mountains upon which Murree is built is entirely composed of these red 
sandstones and shales. The next ridge to the north-west, however, is, for the greater part, 
formed of Nummulitic limestone, which, at short intervals, is interrupted by thick beds of 
grey or greenish shales, in some places crowded with Nummulitee. Even at the lowest portions 
of the red shales, there are some calcareous bands, which contain, but rarely, Nummulites 
and some badly preserved Pelecypods, (mostly Lucina)t and Gastropods, (Pleurotoma or 
Fusue), and some fragments of Crustacea. The richest bed of the Nummulites, which is a 
greenish-grey clayey shale, appears to be rather in the upper part of the whole formation, 
while the lower part is composed of more compact, grey limestones, which look exactly like 
Triassic limestone, but which are, for the most part, crowded with organic remains, chiefly 
of undeterminable species, among which a very small Nummulite is prevalent. 

In most cases there is at the base of the Nummulitics a band of black, coaly shale, of 
not more than from three to five feet in thickness. 

Below this is a very considerable mass of sandstone in thick beds, outside yeUowish- 
brown and of rusty aspect, but blue in color on the fresh fracture. This sandstone is, in 
some phu»s, at least 100 feet in thickness. There are no palseontological indications of the 
age of this sandstone, but it always occurs in such close relation to the ' Spiti shales' that I 
am inclined to consider it of Jurassic age : more especially as Dr. Stoliczka has found, in 
Spiti, similar sandstones, which he calls * Upper Jnrassic' 

This sandstone, if Jurassic, is often the only representative of this formation, the Spiti 
shales, at its base, being so much crushed, that they almost entirely disappear, or they 
assume an aspect quite different from that which they commonly present. 

The 'Spiti shales', which follow immediately below the sandstones, are of veiy typical 
aspect ; black shales, with clayey concretions, impregnated with iron. The concretions which 
are not very distinct from the surrounding shale are not very hard, and do not, as is 
the case in Spiti, contain the fossibi. On the contrary, the fossils here are all compressed 
between the single layers of the shales. At their base these 'Spiti shales' show a 
certain amount of transition to the next lower formation by some beds of a calcareous 
sandstone and limestone intermixed "with yellowish-grey shales. The limestones then 
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become predt>miniiit» and shoWy 
abovt 100 feet below the shales, 
some very fossiliferoua bands. It 
k, however, impossible to obtain 
anything determinable ont of the 
rock, but on the weather-worn 
sorfaoes, I observed nomeroua 
specimens of an Oyster, which I 
consider to be Ostrea Jffaidingertf 
as well as several other things as 
yet nndeterminable. * I have little 
doubt that these limestones are 
Trias sic, althongh thepalieon- 
tological evidence is still very 
small. But the general aspect of 
the whole gronp is so entirely 
fihe some portions of the Upper 
Trias in the Alps, and farther, as 
there are Triassic beds of the 
Alpine type, well known in the 
Spiti districts of the Himalaya, 
I do not hesitate to place these 
limestones in the Triassic forma- 
tion. I have seen no sections in 
this neighbourhood which go 
deeper than the Trias. 

To give a single and easily 
accessible section bearing ont the 
statements just made, I will de- 
scribe a line, of which a very 
rough sketch is given in the 
accompanying figure. The first 
glance will show what enormous 
contortions and faultings the 
rocks in this district of the 
Himalaya have undergone, and 
how difficult it must be to trace 
the succession of the layers, when 
they are cut through by faults 
at nearly every 100 paces, and 
when these faults are not visible 
at the surface. The scale to 
which the section is drawn does 
not allow of all the contortions 
which exist in reality being 
shown. I was compelled to limit 
myself to the principal ones, 
which determine the succession 
of the layers. 



PART 1.] Waagen: Rocks near Murree {Mari), Punjab. 17 

Starting from the Bazaar of Eaira-gally, by the backroad which leads roand the 
Chnmba Peak to Changlj-guUj, one is able to observe in the first two miles of the road the 
foUowing section :— 

(1, 2.) At the comer, where the road branches off from the village and descends on the 
slope of the mountain, are some Nummulitic shales and limestones, of grej and greenish 
color, dipping to the north, and here and there with layers fiill of a small species of 
Nummulite, The Nommulitic rocks continue for some handled paces, frightfully contorted 
and dipping in several directions. At last 

(3.) A thin band of an entirely black, coaly clay-shale, about two feet in thickness, 
appears, indicating the base of the Nummulitics. 

(4.) Below this a series of hard sandstones, brown on the surface, and bluish-grey 
inside, are observable along the roadside, intermixed with greyish shales, and here and there 
with a more calcareous band. The dip is uncertain and varied ; often they are vertical. 

(5.) After these one meets grey limestones with intercalated grey slate layers, and 
bands full of fossils, among them Ostrea Haidingeri, another Oyster, and several other 
Pelecypods and Qastropods, in a very bad state of preservation. 

Going further along the path, the series is broken off, and, near the point A, a large 
fault must cut through the rocks, although this is not visible on the surface, everything being 
covered by debris. 

Beyond the point a new series begins. The first thing which appears are a few broken- 
down bands of sandstone.. Then follow, nearly horizontally, 

(6). 8 pit! shales, between sandstones of nearly the same description as No. 4, both 
on the top and at the base, the band at top being, however, very thin. The shales contain 
fossils, but they are very rare. Dr. Beveridge, B. a., also tells me that he found at this 
spot^ some time ago, a few Ammonites. 

Above the upper sandstone follows 

(7). A series of grey shales and nodular limestones, with many, but very badly-pre- 
served, fossils. I collected here a little Avieula and some Oysters. Further on, from the 
road one can see very clearly that the whole of the Spiti shales and the other rocks have 
been overthrown, and that the lowest part of these shales, and the transition from them into 
the Trias, is here exposed. A little space is then covered with debris, and then typical 
Triassic rooks (= No. 5) are visible, thrown into a vertical position. With this the second 
series finishes, and the whole is again cut off by a large fault at the point marked B. 

The third group begins again with Spiti shales (below them occur Triassic rocks indistinct), 
which are here highly foesiliferous, and dip at a high angle to the north. Here I collected 
Oppelia aeueinctOy Strachey, Perisphinctes fi'equetu, 0pp. conf., simplex, Sow., Belemnites 
Otrardi, 0pp., Inocertimus, CuculltBO, Pecten; all oommon species of the ' Spiti shales.' 

Above the shales are the sandstones, described at No. 4, well exposed and more than 100 
feet in thickness. They make a slight curve, showing a little bit of ' Spiti shales' below, and 
then dip down at a high angle. Below on the slope of the moimtain the shales are again 
visible, divided into two stages by a thick calcareous band; the thickness of the shales 
is here very considerable. 

This part of the section is obviously not overthrown. And, therefore, it is dear that 
the portion of the shales which has furnished the fossils is the uppermost or highest. 

Higher up in the next ' khud,' some more black shales are visible, but it remains doubt- 
ful whether they are not cut off by finults. 
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At the point marked C a great fault again cute off the whole section, and further on, 
Triassic limestones appear dipping to the south-west. 

The mountain-top appears to be formed of the Nummulitic limestone. 

This single section will sufficiently show the difficulties which attend the study of the 
geological structure of these regions. It is so far a satisfiustory result that we are able 
to show that the Nummulitics lie above the Jurassics, and the latter above the Triassic. It 
b as jet utterly impossible to go further than this and attempt to distinguish certain stages 
within the Mesozoic formations of this area. 



MUBBBB, 

November 1871. 
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MiNBBALOGICAX K0TB8 OK THB GNBI88 OF SoUTH MlBZAPt^B AKD kDJOTSVSGt COUKTBT, hy 

Fbed. R. Mallet, Oeological Survey of India, 

In comparison with the gneiss of many other portions of the country, which presents 
a singular dearth in mineralogical variety, that of the Behr valley offers to the mineralc^st 
a tolerably rich field. The number of species known to exist in the area now surveyed is 
pretty large, and further exploration will probably increase it. The following is a complete 
list of those found up to the present time, showing their association and mode of occurrence, 
but I will confine my subsequent remarks to those to which some special interest attaches : — 

J. — Occurring as constituents of the gneiss. 
Quartz — Orthoclase — Oligoclase — Muscovite — ^Biotite — Hornblende — EpidoteP. 

II, — Occurring in beds in the gneiss. 

Limestone — Corundimi — Magnetite — Quartz as quartzite and quartz schist — Hornblende 
as hornblende rock, tremoHte rock and jade — ^Mica as mica schist — Epidote. 

Ill — Occurring in veins in the gneiss, 
A, — In quartz veins and reefs — Quartz. 

-B.— In pegmatite veins (as constituents)— Orthodase—Oligoclase— Quartz— Mica. 
C — ^In epidotic veins — Epidote — Quartz. 

IV, — Accidental minerals in the gneiss. 
Magnetite — ^Ihnenite — Schorl— Cramet — Stilbite P. 

V,-— Minerals occurring in the subordinate beds (II) of the gneiss, 

a.— In the limestone— Magnetite— Pyrites— HsBmatite—Serpentme—Chrysotile—Phlo. 
gopiteP 

/J. — In corundum bed — Schorl— Buphyllite—Diaspore. 

y.— In jade bed associated with Corundum— Corundum— ButileP— Schorl— Euphyllite. 

VI, — Occurring in the veins, ^c, in the gneiss, 

a.— In quartz veins— Micaceous iron— Tremolite—Augite— Epidote— Schorl— Muscovite. 

0.— In quartz reef— -Galena— Cerusite. 

y.— In pegmatite veins (as accidental minerals) Schorl— Garnet. 
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Two felspars aie often coexistent in the gneiss and in the coarse pegmatite veins by 

which it is traversed. One, orthoclase, generally forms 
^^^* the greater proportion of the rock, and is seldom or 

never absent. The nsual color is some shades of pink or red, bat it passes not unfre- 
qnently into pnre white. The other, oligoclase, is not a constant ingredient of the rock, and 
where it does occur, it is present in much smaller proportion ; it is always white in color, 
weathering with a dull opaque surface from superficial alteration into Kaolin, and on such 
altered face, it is markedly distinguished from the orthoclase which weathers far less readily. 
On a fresh firacture the two minerals are less easily distinguished, particularly when the ortho- 
clase also is white. The strisB characteristic of triclinic felspars are often prominently marked 
cm the oUgodase. The following is an analysis by Mr. Tween from a specimen out of one of 
'the pegmatite veins : — 



Bilicft 
Almnixui 
Lime 
Potaah 
Soda 



68^ 
20-72 

8*50 X 

8*26 \^ Soda 14*66. 

9-32) 

102-00 



Mr. Tween's determination of the alkalis in similar felspar from Bundleknnd gave — 



Soda 
Potash 



13-93 
3 



-93% 

.^gj = Soda 1614. 



Mioaa. 



The mica is usually biotite, and black or dark-brown in color. It generally occurs in 

small laminae, but occasionally crystalline layers or single 
crystals occur with cleavage faces one-half of an inch or one 
inch across. Muscovite sometimes takes the place of the above, but it is less common. 

The mica is sometimes associated with hornblende, and thence by gradations the rock 
passes intu homblendic gneiss. In the gneiss which is associated with the limestone of the 
Bichee Nuddee, large crystals of hornblende two or three inches across occur. 

A veiy handsome epidotio rock occurs in a few places, which may perhaps be granite, 

but I never obtained a clear section showing what its true 
relations are. It is found in low hillocks to the south- 
west of Pokhra, being there composed of pink felspar and epidote with a little quartz. 
Traces of foliation (or which seem to be such) can be seen, but they are faint. Thin veins 
of epidote with quartz sometimes intersect the gneiss both obliquely and parallel to the 
bedding. Sometimes the sides of the vein are of epidote, while the centre is of crystalline 
quartz, the summits of the crystals pointing towards each other with a hollow in the centre 
as if the vein had been produced by infiltration . 

Epidote as a rock in itself has been obtained in only one instance, where it occurs as a 
bed in the gneiss of a few feet thick. 

Of the bands of limestone hitherto met with in the gneiss, the most remarkable is 

that near the mouth of the Bichee Nuddee, a stream which 
fialls into the Behr near Singrowli. The rock, which is a 
white marble, afforded on analysis the following composition : — 



Limeatona included minenJa. 



Oubonate of lime 

„ magnesia 

n iron ... ... 

Inaolable (chiefly minnte scales of mica) 



... 63*86 

... 45-78 

-34 

... TOO 



Total 



... 100-97 



being, therefore, a typical dolomite. 
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It is interbanded with serpentine of a rich green, and occasionally, bat rarely, of a 
rosin-brown tint, oonstitating a fine yerde-antiqne marble. The pnrely oaicareoos and the 
serpentinons layers, say from about an inch to a foot in thickness, or in places the serpentine, 
occurs disseminated in spots through the limestone. Associated with the latter are layers 
of tremolitic hornblende passing in places almost into diaUage ; these homblendie bands being 
traversed by irregular veins composed of quartz and largely ciystallized white and flesh 
colored orthoclase. The limestone contains large and brilliant crystals of greyish tremolite 
(the tremolite in the homblendie layei« being light-gp^een) and also large masses of a bronze 
colored mica, which from its occurrence in czystalline limestone, its color, and the com- 
paratively faint degree in which it exhibits biaxial characteristics, I believe to be Phlogopite. 
Magnetic iron with pyrites also occurs, but sparingly. In the serpentine silky layers of 
Hght-green chrysolite 6f } or | inch thick are frequently met with. 

Slabs of marbles transverse to the bedding, and thus showing the alternation of lime- 
stone, and serpentine might be got to any extent of three feet across and with a little selection 
of five or six feet or possibly even more. The rock is quite free from siliciouB geodes, and 
would thus admit of easy sawing and grinding. 

Fine grained gneiss with hornblende schist and containing crystals of hornblende two or 
three inches across is in contact with the limestone, the rock being so jumbled up that if 
the gneiss were not well foliated, one might easily fancy it to be intrusive granite. 

Several other bands of limestone have been met with, of which some are serpentinous. 
Others again are pure white, constituting a valuable marble.* One of these latter is crossed 
by the road frx>m SingrowH to Mirzapdr a few miles from the former town. 

On the right bank of the Rehr a little below Saipiir, there is a fine band, some 25 or 
80 yards thick, of white crystalline marble with serpentinous layers, which may be traced for 
a considerable distance along the bed of the stream. 

I cannot yet give a full account of the corundum bed at Pip r a, as it is not included in 

Conmdmn and iu»oolated mineal.. ^® ^^ geologically surveyed, and I was only able to pay ^ 

a hurried visit to the place. The rock occurs in a small 
hiU between Pipra and Kadopani (sheet 18, Rewah Survey) and about a mile east of the 
Behr, the beds here having a rather irr^ular strike about east- west. 

The section across the hiU from south to north is as follows : — 

a. — ^White quartz schist. 

5. — Hornblende rock passing into jade, a few yards thick. 

c. — ^White tremolitic quartz schist breaking with a fibrous fracture. 

d. — White and green jade, including some purple corundum and containing euphyllite 
and schorl. The coloring matter of the jade is clearly the same as that of the mica (oxide 
of chromium) ; c and d are about equal in thickness to 5. 

e, — Bed of corundum several yards thick. It is a reddish, sometimes purple or grey, 
rock almost compact and crystalline in texture, and containing emerald-green euphyllite and 
sometimes schorl and diaspore in the seams. 

/. — Porphyritic gneiss with hornblende rock. I hardly think that the corundum is 
in direct contact with the gneiss, but it is seen within a few feet of it, the intervening space 
being obscure. 



* White granular limestone also occurs in the slate yelns. A rery fine mass may be found at the east end of 
Oobra Hill, two or three miles fVom the Mirzapdr road. 
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The oorandam bed is several yards thick, the surface of the hill being covered with 
blocks, some of which are not less than 2 or 3 tons weight, and the supply is practically inex- 
haustible. I was informed by a brother of the Bajah of Singrowli, who Uves at Eotah, 
that no corundum had been worked for five or six years, until last year, when 125 bullock 
loads were taken to Mirzapur. A load is three maunds, the total, therefore, being about 
13} tons. The mahajuns pay for it at the spot 2\ rupees per 14 kucha maunds ( = 7 pucka 
maunds of 40 seers), or at the rate of 18 shillings a ton. 

When two pieces of the corundum are rubbed or knocked together in the dark, a very 
beautiful crimson phosphorescence is emitted. When struck pretty hard yellow sparks are 
also thrown off, which are quite distinct from the crimson light, the latter being elicited by the 
slightest tap. The same effect is produced more brilliantly by striking the stone with a 
hammer, when the crimson light and yellow sparks flash out at every blow sufficiently hard 
fo produce the latter. The sparks resemble those from a flint and steel, while the 
crimson light is true phosphorescence ; this red light is so characteristic as to be of consider- 
able use as a rough field-test for recognizing corundum. Quartz, and such other common 
ailicious minerals as I have examined which phosphoresce at all, give a yellow or greenish- 
yellow light. 

In 1868-69 I was informed that corundum was also obtained at Beejpiir in Mirzapur 
on the right bank of the Behr. On visiting the spot my guide took me down into one of 
Uie nuUas in the alluvium and showed me several lumps lying about, but I could find none 
such in the alluvium iUelf, or in any bed in the gneiss of the neighbourhood from which the 
above lumps could have been derived. This year in conversation with a very intelligent 
Zemindar of Be ej pdr, I mentioned the above fiicts, for which he furnished what seems to 
be a very plausible explanation — ^namely, that some years ago some bullock-loads of corun- 
dum firom Pipra (eight or ten miles to the west) had been thrown away at Beejpdr 
by Bome brinjames on account of more profitable employment for their bullocks or some 
other reason. 

The emerald-green mica which occurs in seams in the joints of the corundum has been 
analysed by Mr. Tween, who found its composition to be as follows : — 

Silica ... ^ ... ... ... 43*63 

Alumina ... ... ... ... ... 4S'87 

Oxidfl of ohrominm ... ... ... ... *9l 

Lime ... ... ... ... ... 1*45 

Potash ... ... ... ... ... 7*80 

Water ... ... ... ... ... 4*00 



10S*16 



The high percentage of alumina and small one of silica is what might be expected in 
such a mineral in association with corundum, and the above composition closely coincides 
with that of the mineral named Euphyllite by Professor Silliman, Jr., which occurs at Union- 
ville, in Pensylvania, in exactly the same association as our Indian one, namely, with corun- 
dum and tourmaline. The chief difference is, that the alkali in the American mineral in- 
dndes both potash and soda, while in the Indian one it is wholly potash. In the mica» 
however, found by Dr. Smith with the emery of Asia Minor, which he originally regarded 
as muBOOvite, but on further investigation referred to Euphyllite, the alkali is almost 
wholly potash ; the presence of 1 per cent, of oxide of chromium to which the Indian 
Euphyllite owes its color, distinguishing it from that of both America and Asia 
Minor. The foUowing are its chief characters : — Structure micaceous ; hardness = 3*5—4*0 ; 
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lustre on clearage surface pearly, on lateral faces vitreoas; color emerald-green and 
sensibly monochroic. The color is the same whether the light passes perpendicularly or 
parallel to the cleavage faces. Transparent in plates of moderate thickness. Biaxial; 
yields water in a glass tube. In platinum forceps emits a starry light, loses its color, and 
falls on the edges. 

The tourmaline associated with the above is jet black with rather brilliant lateral faces; 
and often has a columnar structure parallel to the direction of the seam. Diaspore has also 
been observed, but as yet in too small a quantity to admit of description. 

Enphyllite and tourmaline occur also in the jade bed d, the former as a scaly aggregate 
and the latter in a massive form. Microscopic crystals with metallic lustre and red color are 
observable, which appear to be white, but they are too minute to admit of chemical examin- 
ation. 

If I should revisit the Sone Valley next season, I hope to be able to furnish fuller 
information respecting this very interesting as well as valuable bed of corundum and to trace 
its outcrop east and west from present workings. 

Just north of Eorchee (close to the P a n g u n nuddee, to the east of Gon da Hill) 
ManiAtita. there is a bed of magnetite in the gneiss with a high southerly 

dip. It is a banded rock composed of alternate arenaceous 
and ferruginous layers, the latter being granular magnetite. The layers are probably due 
to bedding, for in a nulla near this, the sand, which is derived from this rock, exhibits a 
similar alternation of silicious and magnetic sand. 

The rock, which is friable, is pounded up into coarse powder and smelted near Eorchee, 
being afterwards worked up into Eolharis, &c. As the powder consists entirely of magnetic 
and silicious grains, it might be very advantageously washed in the P a n g u n nuddee, by 
which process the latter could be easily and rapidly removed and the yield of iron con- 
siderably increased. As usual with the natives no flux is used, so that the elimination of 
the silica would be an important gain. 

Hornblende rock is very abundant in some parts of the gneiss, often rising into hilb on 
Hornblende rook, tiemolite rook, account of its great hardness. Very oflen, however, it does 
*^^ ^^^' not do so, and many of the lax^est hills are of granitic 

gneiss. Sometimes (e. y., west of Diimrahur and Urjhut) instead of the usual dark-green 
color, the hornblende is light-grey, and tremoUte rock becomes the most appropriate term. 
The latter again passes into a light-grey or greenish granular to nearly compact hornblende or 
jade. Such is met with in many places, more noticeably between Eotamowa and Bumnee, 
and the top of Eurea Gh&t, where bands of a foot to a few feet in thickness are interbedded 
with mica schist, north-west of Eisaree, where olive-green jade occurs, and associated with 
the corundum of Pipra. 

Accidental minerals are not numerous in the gneiss itself. Small crystals of magnetic 

iron are rarely scattered through the mass of the rock 

AocidenUl mineralB in the gnelH. j-i-i. ji.i_ i. j* j _j 

and ilmemte sand has been observed m one or two streams. 

Schorl is a not unfrequent mineral, and garnet is also to be found in places. It is worth 

noting that as far as my observation has gone, schorl is confined to the white felspar gneiss 

and garnet to it and to the hornblende schists, while epidote only occurs in the red felspar 

gneiss. Pieces of red stilbite have been found in streams, but have never been observed 

in situ. As, however, there is no trap in the district except some doubtful dykes, it . is most 

probable that the stilbite occurs as a secondary mineral in the gneiss itself as a lining of 



fissures or otherwise. 
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About tliree mileB woBt-soaih-west of Oburcharee and one and a half soath-west of 

Chiraikoon in Sirgoojah, near the south-west boundary 
of Mirzapur, there is an abandoned lead mine formerly worked 
by a Mr. Burke. The rock in which it is situated is a reef of light-grey, rather shattered 
homy quartzite, running we8t-15*'-north, which cuts, parallel to the strike, through 'rotten- 
looking earthy micaceous gneiss. At the mine it is double, there being one band of quartzite 
perhaps 60 feet thick, separated from a smaller one by some yards of the gneiss, which latter 
is intersected by many shattered strings of quartz. The quartzite bands have a hade of 60° 
to 80uth-15°-west, the thicker being uppermost, and froin the spots which were pointed out 
to me as those from which the ore had been extracted, it would appear to have occurred in two 
pockets ; one near the lower side of the upper quartzite band and the other near the upper 
side of the lower, in both cases near the band of gneiss which separates the two branches 
of the reef. I observed nothing indicating the existence of a regular lode. In some 
specimens of the quartzite obtained from the above-mentioned spots, the ore (galena) was 
very sparsely disseminated. Cerusite also occurs in small crystals, and I was informed by 
the Collector of Mirzapdr that he believed antimony had also been obtained here. Of the 
latter, however, I observed no appearance. 



DbSCBIFTIOH op THB SINDSTOKES IN THE NSIOHBOUBHOOD OF THE FIBST BAB BIBB ON 
THB GODiCYABf, AND IN THB COUNTBY BETWEEN THE GoDjCvABf AND ElLOBB, by 

William T. Blanfobd, F. G. S., Deputy Superintendent, Chological Survey, 

[Continued from page 116, Records, 1871.] 

The rocks near Raigddem differ in no way from those further to the east, nor do they 
TUuik RAiff«ii require any description. Coarse sandstones and grits with 

conglomerates and ferruginous bands are alone exposed. 
Bocks are seen, for a short distance, in the Fam&lerd stream, from its confluence with 
the Godavaii to just above Genk&taptir, rather more than a mile in a direct line, thence none 
occur all the way to Pagal&pali. In the B&14 Yagu which comes from Gtindalpdd and 
joins the P&m&lerd near Burg&w&i, much felspathic sandstone and conglomerate is exposed, 
of the usual character with a gentle north-west dip. In one spot nearly a mile from the 
junction of the two streams some pink and white argillaceous stone is seen in the B&14. At 
the junction with the metamorphics to Gundalpad no Tdlchfrs are found. The bottom bed of 
the sandstones seen in the stream is soft and felspathic, grey in colour and conglomeratic with 
the usual Bar&kar character, but in a hiU immediately to the south coarse loose textured pink 
and white sandstones are seen which precisely resemble Eamthis. 

The vaUey which debouches from the mass of hills to the eastward at Gtindalp&d consists 

HmsandydlcTieagtofQdiidalptfd. ?^ metamorphic rocks, Uke all the more eastern hills, 

including the lofty mass of B&jgota. But the hills imme- 
diately north and south of the valley consist of gritty sandstones. Their eastern boundaiy passes 
nearly under Rajgotd, and is continued in a south-south-east direction for some miles; then 
it turns more to the eastward. From the peak of B4jgota a fine view is obtained over the 
sandstone country ; the jimgle clad hills to the south-west are seen extending away for many 
miles, and the rocks of which they are composed have a low tolerably uniform dip, usuaUy 
from about 2** to 6°, but occasionally rather higher, to the west and west by north. It ia 
evident with this dip and the direction of the boundary that the beds near Ashr&opetta 
ought to be rather lower in the series than those near Gundalpid ; the former may represent 
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some of the rocks seen near AmraT&ram. Their appearance, however, does not support this 
view, hut it should he added that they are very poorly seen, and that there was hut little 
time for their examination. 

The sandstone south-east of this, along the north-east houndary of the sandstone area. 
Bocks near north^eait bound«y, presente few points of interest. As a rule, the rocks, except 
8oath-«aat of B^'^ot^ where they rise into hills, which is not often the case, are 

greatly concealed hy sandy clay, forming a semi-aJluvial plain. The hills, so far as they were 
examined, are of the usual grit and conglomerate, which form so huge a proportion of the 
field. The houndary is hut an approximation laid down hy a very cursory survey, and 
closer examination will douhtless induce ite modification. In only one place was any rock 
seen which had a distinctly Bar&kar character. This lies south of the village of Bed&nol, 
nearly due east of Ashr&opetta, in a stream, and even in this case the rock was only white 
felspathic grit, unaccompanied hy shale or any other typical Damtida formation. 

Leaving the eastern or north-east houndary for the present and returning to Raigddem, 
BockB near north boundary between * ^^w words will suffice to describe the rocks near the 
Baig^dem and Dantalbori. northern boundary of the sandstone area. The rocks to the 

west and south-west of Baigddem are the usual sandstones, grite and conglomerates, more or 
less ferruginous and possess no distinctive character. To the south stretehing away to 
P4gal4pali and Mtilkalapali is a great sandy plain of jungle in which very little rock occurs. 
Scim^ly any rock too is seen in the Kinarsw&mi stream. 

Korth-west of D4ntalhora there is a considerable tract occupied hy T£lch(ni. They 

. . ». .. , do not run along the boundary of the sandstones, and it is 
Tilohln north-weat of Dtotalbori. . -vi a u^v ix. \ a c a^u i a 

impossible to say whether they extend as far as the boundaiy, 

or whether they are separated everywhere by a belt of metamorphics, as no rocks whatever 

are seen near the Kenarsw4mi stream about D4ntalbor4. Metamorphic rocks are, however,. 

well seen at GradrSgtidanpali, at Koigddem north of Sompali, and north of Sangam, and 

they occur in the Einarsw&mi or rather in ite tributary called the Morair, south of Sangam» 

so that they probably surround the T41chlr area in the manner represented on the map. The 

T41chir beds consist chiefly of the usual shales (mudstones), but just north of Gadrdgddanpali 

some very fine compact sandstone is met with, which has been quarried to some extent 

for the anient at Dtimagudem. The northern boundary' of the pateh of Talohlrs is obscure,. 

the coimtry being much covered by sandy alluvium. 

The mode of occurrence of the T&lchirs not only in this instance, but also on the outeide 
Unconformity of Damtidaa and ®^ *^® sandstones elsewhere, as on the Tal, at Ddmagudem 
K^thla on Taichira. around Kars&pur, and again on the Gan&r stream, and their 

want of connection in all these instences with the Damddas, point to an unusual degree of 
unconformity between the two groups. In the present instance, the higher sandstone beds 
near D4ntalbora are believed to be K4mthis, but on the Gan4r stream Damudas occur, and 
there is the same absence of T&lchirs at the base of the plant-bearing series, and their 
presence in an isolated area outeide the boundary. 

The range of hills forming the boundary of the sandstones from Paltinchd to Siteramptir 
N th bo darr Paift hi ^^"^ consiste mainly of grit. On the hill fort of Sitedlmpur, 

forming their eastern extremity, some fine red and yellow 
compact shale of unmistakeably K4mthi character occurs. It is not clear whether the 
boundaiy here is a fault or not, but apparently it is natural. The beds dip south close to the 
boundary, but north on the hill forming the old fort. 
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Froxa near Paluncha the boundary turns to the northward, and a belt of sandstones, 

o - . _xu * * «.ii 1. 6 or 7 miles broad west of Paluncha, connects the tract 

I'mmiiUHU'ii &onii"W6Sv or irftiunciift* 

which stretches to the southward towards Ellore and 
Bagamahendif with that which extends to the Godavarf near Managur, and thence occupies 
a large area to the north-west and west. The country was merely traversed rapidly 
and the boundaries very roughly sketched in. All the sandstone seen as far as Alapali 
and Markod is similar to that near Paluncha, and the same is found from Marked for 
fourteen miles in a direct line eastward to Biiga. From a high hill two or three miles 
.west of Markod, all the hills in the wild jungly country, for at least ten or twelve miles west 
4Uid south-west, were seen to be evidently of sandstone ; beyond that distance are ranges, the 
outline of which is less definite, but they are tolerably flat topped and of no great height. 
For several miles north and north-west of Markod similar sandstone ranges appear. (Markod 
is north of the Atlas Sheet 94). 

Coal has been found in fragments in the Kinarsw&mi st^am near Alapali, and comes 
from the hills to the north-west (see Records, 1871, p. 82). 

Two or three miles &om Bagundla north-west of Paluncha, on the road to Kunaram, chip- 
ChiiiMd qoartiite implements new p^ implements of the Abbeville type were found in such 
^^'^^ abundance that 40 were picked up in a quarter of an hour 

within an area 60 yards square. The spot is in jungle and cut up by small ravines. Many 
o£ the implements are of white quartz. Besides those collected, nearly as many more must 
, have been discarded as ill made and imperfect, so that the locality was probably a place of 
manufacture. 

The south boundaiy of the sandstone area, running west-north-west from Gh&ribpet, was 

only crossed in one spot near Karkonda. The hills near 

undaty near pe . Qh&iibpet consist to the west of garnet and kyanite 

schist)* the last named mineral occurring in unusual abundance and frequently of good 

colour. The eastern portion of the same little group of hills is composed of sandstone and 

grit of the usual character. 

South of this the boundary can only be traced at intervals, much of the country being 
covered with thick sandy soil. The metamorphic rocks, which consist largely of a compact 
homblendic gneiss, approaching diorite, are more frequently exposed at the surface than the 
. sandstones ; the latter are rarely seen except in the hills, which are dotted over the coimtry, 
and which consist of felspathic grit often conglomeratic. Farther east, within the sandstone 
area, there is the same paucity of sections ; a few fragments of ferruginous grit occur here and 
there, or quartz pebbles scattered over the surface indicate the existence of conglomerate, but 
sections are exceedingly rare. In all the grits fragments of clay occasionally occur. 

The hill east of Un^paredipali is of the usual coarse felspathic sandstone, with bands 

of ferruginous grit (the K&nthi iron bands) and compact red 
new n puedipalf. ghale: some pink and lilac* shale also occurs. Here again the 

rocks have a strongly marked Kamthl character. The general dip of the hills around this 
appears to be very low, not more than 2** or 3** to the eastward. About four miles south of 
Pentlam, on the road to Kistnavdram, in a nulla, a great thickness of the red purple and 
yellow compact shale is seen, dipping east or east-north-east. 

At the western end of the tank at Krishnavaram is some very calcareous rock, apparently 

a schist strongly impregnated with carbonate of lime. This 
NearKrf v * must be just outside the sandstone boundary which probably 



• Thia rock was seen and dcicribed by Voyacy.— J. A. 8. B., II, p. 399. 
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rans throngh the tank. A l\ill east of Ejrishnay&ram (probably Kistniv&ram), and another 
fnrther south, are of precisely similar grit to that of which the other hills to the northward 
are formed. The dip is very slight, if there be any. 

From this to Yaimstir, five miles fiirther south, there is undulating country with a sandy 
soil, through which no rock appears. At Rajerl4 metamorphic rocks occur in a well, and there 
is a hill of crystalline rock just east of Yaimsdr, but (partly from want of time for more 
careful examination) no boundary was traced from near Ei8tniv4ram to ChintalpMi. Hear 
this town metamorphics appear rather more than a mile to the south on the road to £llore» 
whilst at the town itself sandstone is seen in several wells. It is felspathic, and the colour is 
▼ariegated. Thence the boundary makes a curve to the eastward (not examined), and then 
runs with a rather irregular outline for about ten miles to the westward south of Chatrai. 

Around Chatrai (Chataroye of map) the metamorphics are well seen, and to the south of 

^ . . ,^« . t^^ the boundaries of the sandstone are fairly exposed. 

Oonntxy new CShatnl and NdiecU -^ . , .,..,, . , . ,. , . ., 

There is but little jungle, and the countiy is mostly open. 

The bottom beds of the sandstone series are admirably seen in several places, for they rise 

into low, flat topped hills, the base of which are sometimes of metamorphic rocks, upon 

which the sedimentary formations are seen resting. This is the case at B4m&k4petta north of 

Niized (Noozudoo or Noozeid of the map) and at Eavacharla to the south. Here the lowest 

beds of the sandstone consist of white, pink and brown felspathic grits, and hard dark 

reddish-brown ferruginous bands, more or less gritty and conglomeritic. A little further 

north, as on the hill near Soin4varam, and throughout the rises east and south of Nuzed« 

similar beds are associated with variegated felspathic sandstone, fine, white argillaceous 

sandstone, and red and yellow hard compact shale. All these beds are typically Kamthf in 

their character, perhaps they resemble the beds at Sironchi more than those of Ch&nda 

and N4gpiir, but they differ greatly from the Damtidas of LingdM and Midav&ram. 

The dips are generally low, often nearly or quite horizontal, as in the hiUs west of 

Sepddi. The hills are depicted on the map 'of absurd height, 

Sanditones near Ktked. . ^ • r a.\. i.'ii i. j* • i*j. xV y n i. 

judgmg from the hm shading ; in reality they are low, flat 

topped rises, rarely exceeding 100 feet above the plain. The form as represented is also fre- 
quently inaccurate in detail. 

That the beds are Kamthls, and not of higher horizon as Panchets, is shown by the 
occurrence of Glossopteris, some leaves of which were found in sandstone dug from a well 
close to Somavaram. 

The base of the sandstones is not seen everywhere, for instance, around the tank north 
of Som&varam and thence to the eastward, and there is of course a possibility of Damddas 
occurring in such places. Wherever the basement beds were seen however, they were 
£4mth£s, so far as could be inferred from their mineral character, and there was the .usual 
want of carbonaceous shales and other indications of coal. 

The metamorphics were not examined. Some limestone occurs in the ciystalline 

Met«norphiclime.tone.&a ^^ ^*^ ^^'^ ^'^^ "^^^ ^^ Chitrai, (Chataroye) but 

it looks impure. West and south-west of Ndzed the 
metamorphic rocks form fine masses of hiUs. 

Some iron furnaces at Chitdpum near Com4naram, and others subsequently seen are 
inrn/kmacn. Cylindrical, of greater bulk than usual, being about 4 feet 

in diameter and the same in height surmounted by a 
cylindrical chimney a foot or 18 inches in height. The ore is decomposed ferruginous stone 
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abounding in iron peroxide and probably derived indifferently from the sorfaoe of the 
aandfltone and of the metamorphics. The blast is obtained from hand bellows of a larger 
size than usual, each worked by one man, two bellows to each furnace, the oat>tnm from 
each fnmace appeared to be considerable, 60 or 70fts. per diem from sunrise to sunset. It 
is refined by the same men, not sold in the impure state. , 

The low rises south of Golapali are covered with the remains of old diggings, said to 

Old Diamond mine, at GoUpali. ^? ^"^ diamond mines. I could not learn how long 

a time has elapsed since the works had been abandoned; 
an old man, at least 60 years of age, told me there had been no mining within his recollec- 
tion, and the pits have all Mien in, the whole country being covered over with thick bush 
jungle. The diggings appear not to have been in the sandstone itself, but in the very 
gravelly laterite which rests upon the sandstone, but the surface is so much broken and 
altered by the pits that it is difficult to say. The workings evidently co^er a very consi- 
derable area, and are part of the old diamond mines of Golconda,* the ancient name of the 
hill range north of the Gbd&vaii and the adjoining country. 

Smilar low flat topped hills of K&mthis extend across the country north of Ellore, 
Snek rtii f EU becoming gradually less distinct to the eastward. The 

character of the rocks is precisely the same as near Nuzed. 
South of the low rises, there is a belt, generally three or four miles broad, of undulating 
grounds, very sandy, and evidently derived from the waste of the sandstone, which is pro- 
bably but a short distance below the surfisbce. Without closer examination it is difficult to 
say whether the sandstones can be sufficiently traced in this tract to justify the drawing of 
the alluvial boundary to the south of it^ but probably they can. Thence to the sea all is 
believed to be flat alluvium. 

The hills scattered over the country north-east of Ellore appear to be a continuation of 

^ * ^^ X -«, the same K&mthis. Hard ferruginous gritty bands are 

Cooitiy northeast of Elloxe. . 

common, and fragments of them are conspicuous on the 

Burface. In the hills near Kunl&cherow, 16 miles north of Ellore, Vertebraria occurs in a 

grey compact hard stone, which appears to be calcareous. 

The hill just south of T4ndka]ptidf consists of fine hard variegated sandstone, with 
something of the peculiar vitreous character and conchoidal fracture, typical of particular 
bands in the E&mthi beds at Sokhddl near N&gpdr, the tank of Tal4]g4on, near M4ngli, 
and on Malargar west of Ch&nda. The dip is to the east and very low, not exceeding 
2r or 3**. 

South-east of this there Is much laterite stretching away to the borders of the sandy 
alluvium. As a rule, however, laterite is but poorly developed in this country, and there ia 
no well marked belt of it along the edge of the alluvium as is the case to the northward in 
Orissa. 

On the hills east of Ragavaptiram there is a very low south-east or east-south-east dip 
of about 1° or 2^, Twelve miles further to the east-north-east, and north of Grop&laptiram, 
the dip is south or south-south-east. The beds seen in the latter locality are very nearly 
the base of the series, as metamorphics come in just north of them, and amongst the E4mthls 
a dark purplish sandstone of fine texture, highly ferruginous, felspathic and slightly mica- 
ceous IB well developed. The same is seen to a considerable extent in the hills to the north- 
east near Bfmulu, also close to the boundary. On this rock there is often a coating of 



* See yo7M7, J. A. 8. B., 1883| p. 403; Newbold, J. B. A. 8., YII, p. »2. 
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hydrous iron peroxide, as on laterite. The sandstone hills were seen etretiching away to the 
Goddvaif, south of Falav&ram, hut were not further examined.* 

The hills west of Pangadf consist principfdly of trap, overlaid in part hy sandstone or 

conglomerate ; underlying sandstone only appears on their 
northern edge, dose to Dudtikdr. The fossiliferons lime* 
stone band is distinctly intertrappean, but at a small height above the base of the 
volcanic rocks. The trap is fine grained and compact, decomposing into the usual soft earthy 
greenish rock. All around, so &r as was seen, the country is covered with black cotton 
soil, and agate fragments are scattered about as in the N£gptir countxy. 

To the eastward the hills are thickly capped with ferruginous grit and conglomerate, 
precisely resembling that in the Kamthis and probably derived from their waste. This rook 
is well seen near Daicharla and south of the bungalow at Pangadi. In the latter place it 
consists of coarse white speckled fel spathic sandi^ne yellowish-brown in colour with ferru- 
ginous bands. The trap can be of but little thickness, probably not more than 200 to 250 
feet. It is seen on the road from Pangadf to Rajamahendri and reappears north of the 
latter town, whilst the overlying sandstone appears to form the hills at Dowlaishwaranu 

The following papers relate to the Geology of the country near the Godavaii : — 

VoTSBY, H. H.— Beport on the Geology of Hydrabad, J, A. S., B., 1833, Vol. II, pp. 

298—305. 
„ „ Second Beport on the Geology of Hydrabad, ibid., pp. 392 — 405. 

Walkbb, W. — ^Memoir on the coal found at Kotah, &c,, with a note on the anthracite of 

Dumtimnapilly (H. H. the I9^izam's dominions) J. A. S., B., 1841, 
Vol X, p. 341. 
„ „ Beport on Productions, &c., in the district of Hummumkoondah in the 

dominions of H. H. the Niz&m of Hyderabad, ibid,, p. 386. 

„ „ On the Geology, &c., of Hummumkoondah, ibid*, p. 471. 

„ „ On the Natural products about the Pimdabh river, H. H. the Nizam's 

territory, ibid,, p. 509 and p. 725. 

VoYSBY, H. H.— Extracts from private journal, J. A. S., B., 1860, Vol. XIX, 189. (This 

does not refer to the Godavdrf country) and p. 269 (pp. 287 — 
288 and 297—302). 

Wall, P. W. — Beport on a reputed coal formation at Eota on the (Upper) Godavdri 

river. Mad. Jour., Literature and Science, 1857, Vol. XVIII, 
p. 256. . • 

Walebb, Db. W. — Beport on boring for coal at Kotah, Mad. Jour., Literature and Science* 

1857, Vol. XVII, p. 261. 

* I am informed that the Bandstone ia also found east of the Qoday4ri in this direction. 
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ACCESSIONS TO LIBRARY. 
Fbom Ist Octobbb to 318T Dbcbhbbb 1871. 

Titles of Books. Donors, 

Adams, AbthitbI — Monograph of Sphsenia, a genus of LamelHbrancliiate Mollusea, 8vo. 

Apaksok, M. — Description d'une nouTelle esp^ de Yer qui ronge les Bois des YaiBseaux, 

observ^e an S^n^gal, (1859,) 8vo. 

A list of Plates of the " Index Testaoeologicns" with the Lamarckian names adapted to the 

figures in each plate, 8vo., London. 

Aperpn G^n^ral de la Collection Pal^ontologique van Breda, 8vo., Haarlem. 

Afothxkbb, B. — Yerzeichniss der in der Prenss. bberlansits Yorkommenden Land-ond 

Wasser-mollnsken, (1858,) 8to. ^ 

Basb, K. £. v.— IJeber ein neues project Aostem-B&nke an der Bussischen Ostsee-KUstes 

anznlegen and uber den Salzgehalt der Ostsee, 1862, 8vo., St^ 
Petersburg. 

Baibd, W.— Description of two species of shells collected by Dr. LjaU of H. l/L'n Ship) 

" Plumper," at Yancouver Island, (1863,) 8vo. 

Babbakdb, Joaghuc.— Defense des cobmes, lY, (1870,) 8vo., Paris. 

„ „ Trilobites, (1871,) 8vo., Paris. Thb Authob* 

Bbudant, F. S.— -M^moire sur la possibility de faire viYre des mollusques fiuviatiles dans 

les eaux salves, et des mollusques marins dans les eanx douces, 
eonsid^r^ sous le rapport de la G6ologie, (1816,) 4to. 

Blaiktilcb, H. D. bb. bt DxriciBiL, M. — ^Rapport but un M^moire de M. Dados, ayant 

pour titre: " Monographic du genre Cyprsea," (1832,) 8yo., Paris. 

Blaiktillb, H. D. db. — ^M^moire sur le Genre Hyale, (1821), 4to. 

„ „ M^moire sur quelques Mollusques Pulmobranches, (1817,) 4to." 

„ „ Note sur lorganisation de Tanimal de I'ampullsdre, 4to. 

„ „ Observations sur la diffi^renoe de la coquille d mdividus de sexes 

diff($rens dans les Mollusques c^phal^s, 4to. 

„ „ Sur ranimal de I'argonaute, (1817,) 4to. 

Blancbulbp, £xilb. — ^Du Systems Nerveux chez lee invert^r^s (Mollusques et Annel^s)^ 

dans ses rapports avec la classification de ces animaux, (1849,) 
8vo., Pans. 

BoBL^YB, P. DB. BT YiBLBT, T. — ^Exp^dition Sdcntifique de Mor^e. Section des sciences 

Physiques, Yol. II, pt. 2, Geologic et Mineralogie. With plates. 
(1833), 4to,, Paris. 

Bosc, M. — Sur un nouveau genre de Yers intestinaux d^coavert, d^crit et dessin^ par M. J. 

Rhodes, (1819), 4to. 

BossBT, M. DB. — ^Notice sur la presence temporaire de Tophidium imberbe (Fierafer ou 

Fierasfer) dans la cavit^ du corps d'une Holothurie Orang^e de 
la Faune Fran^aise, (1834,) 4to., NeuchateL . 

Bbissow, M.— -Obaenrations sur une esp^e de Lima^on terrestre dpnt le sommet de la 

Coquille se trouve cass^, sans qui lanimal eu soufire, 4to. 
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Titles qf Books. Donors, 

BuscHXAKir, BocH.— Observatioiis sur raooouplement dee limaoee, 8yo. 

Cailliaud, F. — ^Proc^6 employ^ par lee Pholadee dans lenr perforation, Sto.^ 

CAFBLLiia, Q. — LaStoria Natorale del Dintomi del Golfo della Spezia: Cenno Storico. 

(1866J 8yo., Milano. 

C^pbalopodes, Anatomic. Or^nisation da Fonlpe, Sro. 

Chabpbmtisb Toussaint DB.^Libellulin0 Eoropees Descriptee ao Depicts, (1840,) 4to., 

lapeiA. 

Closb, Bsv. M. H. — ^Xotee on the (jeneral Glaciation of Ireland, (1866,) 8yo, 

CowTON, Thomas — ^A knowledge of the Mineralogy of the Yorkshire Coast made easy to 

the yonng'MinemlogiBt, (1867) 12mo. 

Cbbdkbb, H. — Die Yonilorischen Gehilde der oberen Halbinsel von Michigan in Nord- 

Amerika, (1869,) 8to. 

Gbombib, Ber. Jaxbs M. — ^The Geological Belations of the Alpine Floca of Great Britain^ 

8vo. 
Cbossb, H. — IJn Mollnsque bien maltrait^, (1866,) 8yo., Paii«. 

Dawkikb, W. Boyd. — ^Early Antiquities in Portugal, 8vo., London. 

„ „ On the Pre-historie Mammalia of Groat ^tain, 8to., Londonr. 

DtuiDOFT, Anatolb db, — ^Voyage dans la Bnssie meridionale et la Orim^ Vol. I, (1840.) — 

lY, (1842,) with Atlas, (1840-184%) 8vo., Fkris. 

Dtjclob, F. L. — ^Description et classification M^liiodiqne de toates les Esp^oes des CoquiUes 

UniyalYes Marines, Yiyantes et a T^t Fossile, 8vo. 

DuFONT, Edotjabd.— J^tade snr les Fonilles Scieniifiqnes ^zecnt^ pendant lliiyer de 186&- 

1866 dans les Oavemes des Bords de la Lesse, (1866,) 8yo., 
Broxelles. 
,, ), Etude snr trois Cayemes de la Lesse ezplor^ pendant les Mois de 

Mars et d'Avril, 1866, (1866,) 8yo., Broxelles. 

Edwabds, a. M.-^b8eryations snr I'ezistence de diyers Mollnsques et Zoophytes, (1861,) 

8yo., Paris. 
Ebkan, H.^Ueber die automatbche Undulation der Nebenkiemen einiger Biyalyen, (1833), 

4to., Wien. 

Fbidbb, B. J. — ^De Halyotidum Structura : Dissertatio InaugoraHs, (1814,) 4to., Halae. 

F6BU88AC, LB Babok db. — Concordance Syst^matique pour les MoUusquee terrestres et 

fluyiatiles de la Grande-Bretagne ; ayeo un aper^u des tntyaux 
modemes des sayans anglais sur les MoUusques, (1820,) 4to. 

„ „ Sur la Synonymie des CoquiUes biy&lyes de TAm^rique Septen- 

trionale, et Essai d'une table de concordance a ce siget, (1835,) 
8yo., Paris. 

FiLiFFi, Db. Ph. db. — Encore un mot sur la formation des perles, 8yo. 

FoKYiBLLB, W. Db. — ^LHSomme Fossile, j^tude de Philosophic Zoologique, (1865,) 8yo., 

Paris. 

Fbaybkbld, G. B. V. — IJeber ein neues Hohlen-Carychium, (1862,) 8yo. 

Gaillon, Bbbjahixt. — Esssd sur les causes de la oouleur yerte que prennent les Huitres des 

pares a certaines ^poques de Tann^, (1821,) 8yo. 
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OsMYAJB, P. ET YjlnBbkedbk, P. J. — ^Note tfor les MalaoozoaireB du genre Sepiole, 8to., 

BmxelleB. 

GoEppEBT, Db. H. R — Ueber Einschlusse im Diannant, (1864,) 4to., Haarlem. 

€k>DBT, Paul. — ^Note but les Anodontes du lac de Neachatel, (1862,) 8vo. 

Gould, Db. A. A.— Catalogue of Shells of Lake Superior, wiUi Descriptions of new species, 

8vo. * 

Gbat, J. E. — Some remarks on a paper of Dr. L. Pfeiffer, especially on the dausium 

of ClausiUa, (1840.) 8yo., London. 

Gbos, G. — Note sur les Spermatophores de la Seiche (1848), 8vo., Moscow. 

Gbubvbwaldt, M. a, — ^De Petre&ctis Formationis Calcareae Cupriferae in Sileda, 8vo., 

BeroHni. 

GuBTTABD, M. — Observations qui peuvent Bervir 4 former quelques caract^res de Coquillages, 

(1766,) 4to. 

GuiCBBL, C. W. — ^Die Geognostischen Yerhaltnisse des Ulmer Cementmergels, (1871,) 8vo., 

Munchen. 

GuxBBi^ G.— Yeigleichung der Foraminiferenfauna aus den Gosaomergeln und den Belem- 

nitellen-Schichten der Bayerischen Alpen, (1870,) 8yo. 

GihcBBL, H. — ^Ueber den Biesvulkan und uber vulkanische Erscheinungen im Bieskeesel, 

8vo. 

Hagub, F. — ^XJeber die natUrliche und kunstliche Bildung der Perlen in China, 8yo. 

HAiDuresB, W. yon. — ^Bemarks on the Luminous, Thermal, and Acoustic Phenomena at* 

tending the fall of Meteorites, (1869,) 8yo., London. 

Hatbs, M. lb CHBYALnsB LiFBBUBB DBS. — ^Noticcs concemaut le Beeuf-Marin, auiarement 

nomm^ bdte a huit ^cailles, ou OctoYalve, (1787), 4to. 

HBATHBBiirGTOK, A.— The Gold Yield of NoYa Scotia. 1860-1869 ; (1870), 12mo., London. 

HisissAKT, M. — ^^daircissemens sur roiganisation jusqu'ici inconnue d'une quantity consi- 
derable de productions animales, principalement des CoquiUes des 
AniTwa-iiT, (1766,) 4to. 

HocHSTBTTBB, Db. F. yoh., jlsd PsTSBVAifir, Db. A. — The Geology of New Zealand, 

with Atlas of six plates (1864), 8yo. and 4to., Auckland. 

HcBYBK, J. Yah dbb. — Contributions to the knowledge of the animal of Nautilus Pompilius, 

(1860), 8yo., London. 

„ „ Eenige af^jkingen in den Yorm Yan het hoofd, waargenomen 

bij een manneligk Yoorwerp Yan Nautilus Pompilius, 8yo. 

Hoobbbo, D. S. — Om nAgra for SYerige nya arter och formforandringar af Landoch Lis- 

josnackor, (1841,) 8yo. 

HoPKiKSON, JoHK. — On British Graptolites (1869), 8yo. 

HowBB, BiCHABD. — ^Note on the right of priority of a Catalogue of Permian Fossils, pub- 
lished by the l^eside Naturalists' Field Club in New-castle, on 
Thursday, August 17th 1848, 8yo. 

Lidex Musaei Linckiani, Vol. I, (1783,) II, (1786,) (1783-1786,) 8yo., Leipzig. 

KiCKX,^ J. — ^Description de trois Limacee nouYclles pour la Faune Beige, 8vo., Bmzelles. 

KiBNBB, M. Louis. — Quelques observations sur le genre Litiope de M. rang, 8yo. 
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Xjnq, Ci:.ABBircB.~nnitecl States Geological Szploradon of the Fortieth FftnlleL Mining: 

Industry by James D. Hague, Vol. Ill, with Atlas of 37 plates, 
(1870), 4tD., Washington. 

KoBBLT, Db. W. — Catalog der im eurc^Muschen Faunengebiet lebenden Binnenoonchylien^ 

(1871), 12mo., Cassel. 
IiACAZB, DuTHlEBS H.— Historfe naturelle du Corail, (1864,) 8vo., Paris. 
Lahabce. — Genera of shells, (1823), 8vo., London, 
tiANasB, Db. C. — Ueber das oapillare Blutzefasssystem der Cephalopoden, (1850,) Svo. 

Leichhabdt, Ludwio. — ^Notes on the Geology of parts of New South Wales and Queens- 
land (1847), 12mo., Sydney. 
ZiiNDSTBoic, G. — Om Brachi<^odslagtet Trimerella, Billings, (1867,) 8vo., Cc^nhagen. 

LiNNABSSOV, J. G. 0. — On some Fossils found in the Eophyton Sandstone at Lugnas in 

Sweden (1869), 8vo., Stockholm. 

LoMMEL, J. — ^Verzeichniss einzclner Meeres-Siisswafiser et Landoonchylien sowie ganzer 

geordneter Sammlungen, (1862,) Svo., Heidelberg. 

LovEX, S. — Ueber die entwickelung von Chiton, (1856,) 8vo. 

liUTNBS, LB Due. DB. — Voyage d'Exploration a la Mer Morte, a Petra et sur la Rive 

Gauche du Jourdain, Liv. I, 4to., Paris. 

•MacGowak, Db. — ^Notice sur Tusage des Perles in Chine, 8vo., Dijon. 

Mabsh, 0. C. — ^Description of ancient Sepulchral Mound near Newark, Ohio (1866), 8vo.y 

New Haven. * 

Mdmoire sur Forganisation des parties par lesqueUes certains mollusques s'attachent saisissent 

leur proie, (1784,) 4to. 

M'CoT, PaoF.— The Order and Plan of Creation (1870), 8vo., Melbourne. 

Meteb, H'. a., und MOBius, Kabl. — ^Kurzer Ueberblick der in der Kieler Bucht von una 

beobachteten Wirbellosen Thiere, (1862,) 8vo., Hamburg. 

MiDDBVDOBFF, Db. A. — Sibirische Beise, Band I, theil I, Einleitung Elimatologie, Geog- 

nosie, Botamk, (1848,) 4to., St Petersburg. 

MoQUix, Tandon a. — M^moire sur I'organe de lodorat chez les Gkist^ropodes terrestres et 

fluviatiles, 8vo., Toulouse. 

MOBCH, 0. A. L. — ^Fortegnelse over Prof. R. af D. 0. P. L. Hencks efterladte Conchy- 

liesamling, (1854,) 8vo., Copenhagen. 

Om Cranchia megalops, Prosch, 8vo. 

On the Genera of MoUusca established by H. F. Linck in the Catalogue 
of the Rostock Museum (1862), 8vo., London. 

On the Operculum and its Mantle (1865), 8vo., London. 

MoBBBN, Ch. — Nouvelles Remarques sur la Morphologic des Ascidies, 8vo., BruxeUes. 

MouBLON, MiCHBL. — Esquisse Geologique sur le Maroc, (1870,) 8vo., Bruxelles. 

MulLeb, M. — Observations sur la reproduction des parties, et nomm^ment de la Tete dea 

Limacons 4 coquilles, (1778,) 4to. 

Museum Senckenbergianum, Band III, heft 1, (1839) — 3 (1845), 4Ux, Frankfurt am Mfdn. 

Newbebbt, J. S. — The Geological Survey of Ohio, its progress in 1869. Report of an 

address delivered to the Legislature of Ohio, February 7th, 1870 
(1870), 8vo. 
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Notizen liber den Minenbetrieb in Bolivien und den brasilianiBcben Mittel-Provinzen Matto 

Grosao und Goyaz im G^ensatze zu dem im Westen der Union, 
12mo., Berlin. 

Ntbt, M. H.— Descriptions snccinctes de diz Esp^s Nonvelles de Ccquilles Fossiles, 8to., 

Bmzelles. 
y, „ Description snccincte d'on Noayean Mollnsqne Marin des Rives de I'escaut, 

8yo., Bmxelles. 

„ „ Notice snr denx Coqnilles Nonyelles du Grenre Crassatelle, 8yo., Brozelles. 

NT8T9 M. H.-— Notice snr qnelqnes rechercbes Pal^ntologiques faites anx environs d'Anvers, 

Svo., Bmzelles. 
„ „ Notice snr nne Coqnille du Genre Cyr^ne, (1858-1859,) 8vo. 

„ „ Notice snr nne Nonvelle esp^ce de Fecten et observations snr le pecien 

DuwelsU, 8vo., Bruxelles. 

Old, B. 0. — Colorado: United States, America. Its History, Geography, and Mining 

(1869), 8vo., London. 

OftBiONT, Chablxs db. — Description de trois nonvelles esp^s de Paludines fossiles, (1837,) 

8vo. 

„ „ Mollusqnes, Fal^ontologie Universelle, 8vo. 

Orkssod, G. W.— On the traces of tin streaming in the vicinity of Chagford (1866), 8vo. 

Obstbd, a. S. — Forelobig Underretning om Dyret af en Art af Slaegten Pymla, Lamk. 

1801, (1850,) 8vo. 

OwBH, BiCHABD. — On the anatomy of Clavagella, Lam. (1834), 4to. 

„ „ On the anatomy of the Brachiopoda of Cuvier, and more especially of 

the Genera Terebratula and Orbicula (1833), 4to. 
Page, Dayid. — Geology as a branch of General Education — an address ^1865), 8vo„ London. 

Peacock, R. A. — Physical and Historical Evidences of Vast Sinkings of Land on the North 

and West Coasts of France, and Sonth- Western Coast of Eng- 
land, within the Historical Period (1868), 8vo., London. 

PsNGBLLT, Wm. — On an accmnnlation of Shells with Human Lidustrial Bemains (1865), 

8vo. 

79 n On the alleged oocnrrenoe of Hippopotamus major and Machairodus 

latidens in Kent's Cavern, Torquay (1869), 8vo. 

9, „ On the Lithodomons Perforations above the Sea Level in the Limestone 

Bocks in South-Eastem Devonshire (1866), 8vo. 
„ „ The antiquity of Man in the South-West of England (1867), 8vo. 

Fpbiffeb, De. L, — Descriptions of new species of Land Shelb from Jamaica, collected by 

Mr. Gosse (1846), 8vo. 

Poet, Audbb.— Bibliographic Cydonique Catalogue snr les Onragens et les Temp^tes Cyclo- 

niques, 2nd Edit., (1866,) 8vo., Paris. 
FuMFBLLT, Raphael. — Notice of an account of geological observations in China, Japan, 

and Mongolia (1866), 8vo., Philadelphia, 
QuEKSTEDT, Db. Fb. Aug.— Ear und Wahr, (1872,) 8vo., Tubingen. 
Ramdokcb, Db. Van.— Sur des ossements fossiles trouves dans les environs de Saint 

Nicolas, 8vo., Bruxelles. 
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BioLUK, M. C. — ^Note snr le Genre Sphenia, Torton, (1858,) 8vo. 

Bestb» Lovbll. — On a new species of Lymnsa fix>m Thibet, 8vo. 

Rbivhibi>t, J. — Om Sloegtenliithotryas Evne tU at bore sig ind i Steenblokke, (1850,) 8vo. 

BoBEBTS, G. £. — ^Bemarks upon the Present Condition of Geological Science (1864), 8vo., 

London. 

BoBEBTS, Isaac. — ^The Wells and Water of Liverpool (1869), 8vo., LiverpooL 

BcEMEB, Feed. — Ueber Python Euhoictu eine fossile Beisenschlange ans tertiarem kalks- 

chiefer von Kumi auf der Insel Eaboea, (1870,) 8vo. 

Bomb, J. L. — ^The Abbeville Jaw — ^an Episode in a Ghreat Controversj (1864), 8vo., London. 

BowLET, G. D. — ^A Paper upon the Bemains of Man and Extinct Mammalian Fanna, at 

Eynesbory, near St. Neots, Huntingdonshire (1866), 8vo., 
London. 

Sahuelsok, Jambs— <)ontinaitj in Civilisation, 80 illnstrated by the connection between onr 

own cnlture and that of the Ancient World (1869), 8vo., 
London. 

Sabs, M. — Zur Entwickelongsgeschichte der Mollnsken und Zoophyten, 8vo. 

Sauiydebs, Tbelawny. — A Sketch of the Mountains and Biver Basins of India (1870), 

Boy. 8vo., London. C. Mabeham, Esq. 

Saussayb, M. Petit de la. — De Futility de raquarium ponr I'^tade dee mollosqaes, (1861,) 

8vo. 

ScHALCK, H. F. — De Ascidianim stmctnra, (1814,) 4to., Halae. 

Schmidt, Oscab. — Ueber das Korperchen in der Mikropyle der Najadeneier, (1857,) 8vo. 

BoHOLTz, "D^. H. — Mollusqaes terrestres et flaviatiles de la Sil^sie, (1841,) 8vo. 

ScHUMACHEB, 0. F.^Aoszog aus dem Essai d'une nouveau Syst^me des habitations des 

vers testae^, 4to. 

ScOHT, DB.-*-8ur ane d^uverte d' ossements fossiles, 8vo., Bmxelles. 

Second Beport of the British Association Committee for exploring Kent's Cavern, DoTonshire 

(1866), 8vo. 

SiBBOLD, Db. C. Th. yoK.^Ueber den Unterschi^^ der Schalenbildung ,^et manplichen 

und weiblichen Anodonten, (1837,) 8vo* 

Slack, Henbt J. — On some Beoent Investigations into Minute Organisms .(1871), 

8va, London. 

Stevens, Edwabd T.— The Stone Period. A Paper read at the seventeenth Annual meeting 

of the Wiltshire Archfeological and Natural History Sodely 
of Wilton (1870), 8vo., Salisbury. 

Stimfsok, Db. Wm.— Malaoozool<^ical Notices, No. I, 8vo. 

Stoliczka, Febd. — Ueber heteromorphe Zellenbildungen bei Bryozoen, Coelophymia, Beuss, 

8vo. 

Suite des Extraites du Porte Fenille de Tabbd Dicquemare, Faculty locomotive, etc., et 

Limaces de Mer la Palmif^re, (1786,) 4to. 
Stmonds, W. S.— Notes on a portion of the Matgorn-Yrych Cspawg, or the Horn Core 

of the Great Ox, 8vo. 
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SjBtdme de dassification des Mollnaqnes ei des An^ides de M. Bisso, 8to., Paris. 

The Family of the Cowries, (Cypneids), (1832,) 8vo. 

* 

Ueber das Gkbiss der (Sattang Cancellaria, (1861,) 8to., Bonn. 

Ueber die systematische Stellang der Ghittong Solarium, (1861,) 8to. 

VaitBbxbdbn, B. J. — Notice snr le sexe des Anodontes et la signification der spennato- 

zoaires, (1844^) 8ro., Bruxelles. 

Vula, Aktonii.— Inix)mo tre opere di Makoologia del sig. Drouet di Troyee, (1866,) 8vo., 

Milano.' 

Whxtaexb, Wm .—LiBt of Works on the Qeology, Mineralogy, and Pala^ntology of 

Devonshire (1870), 8to. 

Wnm, J. 0.— <}aeensbnd, the Fiogressiye I An account of the colony, its soil, cli- 
mate, productions, and capabilities ^(1870), 8yo., London. 

WoHKLiCH, WiLHBLMUS. — DiBsertatio Anatomica de Helioe Pomatia, Wircebuxji, (1813,) 4to. 

Zoologie Descriptive. Les Mollusques, 8to. 

Zoologie. Extraits de diffi^rentes lettres de M. A. Lesueur 6 MM. Desmarets et de Blain- 

ville, (1817,) 4to. 

Pbsiodicalb. 

American Jonmal of Oonchology, Vol, VII, pt. I, (1870-71), 8vo., Philadelphia. 

American Journal of Science and Arts, 3rd Series, Vol. 11, Nos. 8-10 (1871), 8vo., New 

Haven. 

Annalee des Mmes, 6th Series, Vol. XVIH, Liv. 4-6, (1870,) Vol, XIX, Liv. 1-2, (1871,) 

(1870-1871,) 8vo., Paris. L'adhikistb. dbs Mixes. 

Annales de Malacologie, Vol. I, (1870,) 8vo., Paris. 

kjyrt^U and Magazine of Natural History, 4th Series, Vol. VIII, Nos. 45-47 (1871), 870., 

London. 

Antiftla of the Lyceum of Natural History of New York, Vol. I, (1824,) IX, pts. 4-1, 

(1868) (1824-1868), 8vo., New York. 

Annual Report of the Qeologists' Association fot 1870, 8vo. 

Geological Magazine, Vol. VIII, Nos. 9-11 (1871), 8vo., London. 

Hanlst, Stlvahxjb, and Theobald. — Conchologia Indica, pt. 3, (1871,) 4to., London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. Ill, Nos. 2-5 

(1871), 4to., Bombay. Govebnubnt of India. 

Lbokhabd, G., and Gbinitz, H. B. — Neues Jahrbuch fiir Mineralogie, Geologie, and 

PalsBontologie, Hefb 6-7, ^1871,) 8vo., Stuttgart. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series, 

Vol. XLII, Nos. 279-281 (1871), 8vo., London. 

Mabtini uhd Chemnitz. — Systematisches Gonchylien-Oabinet, Band X, pts. 202-206, 

(1871,) 4to., Niimberg. 

Pbtebmann, Db. a. — Geographisohe Mittheilungen, Band XVII., pts. 8-10, (1871,) 4to. 

Gotha. 
,, „ Geographische Mittheilungen. Supplement, No. 29. Australien iu 

1871. (1871,) 4to., Gotha. 
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Pfsiffeb, Db. Louis.— Malakozoologiache Blatter, Band VUl, Bg. 4-10, (1871,) 8tro., 

Cassel. 
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Novitates Conchologica, Abbildung and Besclireibnng Neuer Oon- 
chylien, I, Abth., Land-Conchjlien, Lief 38, 4to., Cassel. 

PiCTET, P. J. — ^Mat^rianz pour la paleontologie Suisse, 6th Series, Liv. 10-11, (1871,) 4to., 

Geneve et Bale. 

Quarterly Journal of Science, No. XXXII (1871), 8vo., London. 

B«port of the Chief Commissioner of Mines for the Province of Nova Sooiia for the year 

1869 (1870), 8vo., HaUfax. 

Tboschbl, Db. P. H.— Archiv fiir Naturgeschichte, Jahrgang XXXVI, Heft 6-6, (1870,) 

Jahrgang XXXVII, Heft 1, (1871,) (1870-1871,) 8vo., BerUn. 

GOVERNMENT SELECTIONS. 

Bengal. — ^Beport of the Revenue Survey Operations of the Lower Provinces from 1st 

October 1869 to 30th September 1870 (1871), flsc, Calcutta. 

GoVBBNMBNT OF BbNGAL. 

Bombay. — Beport of the Sanitary Commissioner for Bombay, 1870 (1871), flsc., Bombay. 

Gt>yBBNKBNT OF BoMBAT. 

Bbttish Bubma. — British Burma, Judicial Department, (Police) Beport on the Police 

Admiipstration for 1870 (1871), 8vo., Rangoon. 

British Burma, Judicial Department, (Prisons) Report on the Prison 
Administration for 1870 (1871), 8vo., Rangoon. 

British Burma, Military Department (Marine), Report on the Light 
houses for 1870 (1871), 8vo., Rangoon. 

British Burma, Revenue Department, (Miscellaneous.) Revenue Report 
for 1869-70 (1871), 8vo., Rangoon. 

Chief Comuissionbb of Bbitish Bubsca. 

Imdia. — Selections firom the Records of the Government of India, Home Department, 

No. 83. Selections from the Reports of the Trigonometrical, 
Topographical, and Revenue Surveys of India for 1869-70 (1871), 
8vo., Calcutta. 

GOVBBNMENT OF InDIA, HoUB DbPABTMBNT. 

„ CuNiNOHAU, J. M.— Sixth and Seventh Annual Reports of the Sanitary Com- 

missioner with the Government of India, 1869 and 1870 (1870- 
1871), flsc, Calcutta. Gt>yBBNKBNT of India. 

„ Hume, Allan. — Report on the Administration of the Inland Customs Department 

for the official year 1869-70. Appendices A to K (1871), flsc., 
Calcutta. GoYBBNKBNT OF Ihdia. 

„ Walkbb, J. T., B. E.— Account of the Operations of the Great Trigonometrical 

Survey of India, Vol. I. The Standards of Measure and the 
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Base-Lhies: also an introdnctory account of the Early Oper- 
ations of the Survey during 1800-1830 (1870), 4to., Dehra 
Doon. * €K)yEBNMEirT of India. 

MmoBE. — ^MsADB, B. J.^Beport on the Adminisbraiion of Cooig for the year 1870-71 

(1871), 870., Bangalore. Mysobb Goybbnkbvt. 

K. W. Pboyihcbs. — Cabuichabl, C. P. — Beport on the Administration of the Police of 

the North-Westem Provinces for 1870 (1871), flsc., Allahahad. 

GbYBBNMBVT OF N, W. PbOTINCBS. 



M 



Hbnybt, Fbbbebick. — ^A Narrative of the Drought and Famine 
which prevailed in the North-Westem Provinces during 1868, 
1869, and 1870 (1871), flsc, Allahabad. 

GoYEBMMBHT OF N. W. PboYINCBS. 

PoBT Blaib.— Annual Beport on the Settlement of Port Blair for the year 1870-71 (1871), 

8V0. Gk)TBBNKB17T OF IkDIA. 

TBANSACTIONS, &c. 
Bbblik. — ^Monatsbericht der konig. Preuss. akademie der '^Vlssenschafben, June — ^August 

(1871), 8vo., Berlin. Tjsb Acadbmt. 

Bbitxblles.— Annales de la Soci^t^ Malaoologique de Belgique, Vol. V, (1870,) 8vo., 

Bruxelles. 

Calcittta. — Journal of the Agricultural and Horticultural Society of India^ New Series, 

Vol. m, pt 1 (1871), 8vo., Calcutta. Thb Socibtt. 

„ Journal of the Asiatic Society of Bengal, Vol. XL, pt. I, No. 2 (1871), 8vo. 

. Calcutta. Thb Sooibtt. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 9 — ^11 (1871), 8vo,, Calcutta. 

Thb Socibtt. 

Colombo. — Journal of the Ceylon Branch of the Asiatic Society, 1870-1871 (1871), 8vo., 

Colombo. Hugh Nbtill, Esq., C. S. 

CoFBKHAGBK.— Oversigt over det kongelige danske Videnskabemes Selskabs Forhandlinger 

og dets Medlemmers Arbeider, No. 3, (1870,) No. 1, (1871,) 
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NoTB OM THB GBOI>OaiCAL POBKATIOIIS SBBH itono TBB COIBM OS BltticafsTjClI AITD 

Fbbsia fboh ExbXchI to thb hbxd of thb Pbbsiis Gdlb, add or soicb op thb 

Gulp Isi^itsb, 6y Williax T. BLA^rFoBD, A.R.S.U., F. G. S., Deputy Superit^- 

teitdent. Geological Survey of India, 

The coasts of India, bo far m the f^Iogy is concerned, maj be nov siud to be fairly 
known, but hitherio, so far aa I am aware,* verj little, if any, information bos been published 
concerning the Tocke aeen on the coasts of the Golf of 'Om&n* and the PetBiau Gulf. 
Through the labours of Dr. Carter.t we have a fair knowladge of several points on the 
Bonth-eart coast of Arabia, but the only port visited by him eastward of B£s el H&I, the 
toath-caaten comer of the Arabian peninsula, was Uaakit. Dr. Cook has giveu descriptions 
of the country around Khelat and leveral other parta of Bilnohlstin, bat he did not examiue 
the ooast, and Eastern Persia is almost a tmra ituxgnita ereu to geographers. 

Throogh the kindness of Mr. H. Walton, Director of the Makr&n Coast and Persian 
Gidf Telegnph, I have had an opportunity of acoompanying him in his tour of inspection 
of the telegraph offices along the Biliicbfstin (or, as it is more commonlj called, Makr&n) and 
Fenian coasts,]; and of visiting and briefly examining several poiuts of intmest, besides 
the neighbonriiood of the various telegraph stations. From the steamer, whilst passing 
along the coast, the greater portion of the rocks forming the utterly barren hills have 
been sufficiently well seen to enable them to be reoognised as belonging to the same pecD> 
liar Ibrmalaon which I examined at R&s Mal&n, Horm&r&, Qw&dar, Ch&rbij, and J£shk, 
east of Hie entrance to the Persian Gulf, and which I believe %a be the same as that which 
I found on the islands of Kishm and Hanj6m in the sooth-eastern part of the Persian 
Golf^ and on Eh&rak Island near Bushehr. ^e mountains behind Bandar Abb£a and 
Iing& on the north-east coast of the golf are composed of rocks so much resembling in 
appeai«nce those of the Makt&n Coast that I think it probable, with the exception of a 
peenliaf salt formation in Hormuz and the neighbouring islands to be presently described, 

• This taper beliiKwrilt«niw>7lhiai books or nftnoM, I msj Iuti onrlooked wnu prerlonilj pal 
diKrlptlon of pvU oT III* Utkiia or PenlMi Cout. It Ij probsbl* thst bilif ootlua of the rooki ooonr 1e 
of the gsognpblal pspon on Um iboni of the Peralsn Onll: 

t Jour. BonL Br. B. A. S., ToL IV, p. 21, sad OmI. Pspan on West lud., p. SSI. 

} I tiko this opportODllT of npiMriof th« veir giett obUgMlona I un aider to Ur. Wiltos for the ft 
iIOTded to me for (uminlog the dlArent plseM on the thon, m[ Mune of ithloh he Mopped lolel; tat Ihs j 
of MUhUnBnHtoTUttbemiWdlsmeqiuUjIndriXedUChptalsBtdwF, ComminUiK H.U. 8. Ambtwlt 
■MMBCO of tH Undi, (he nw of bosta whaie>eT I wuttd tbea, ud eqi«dillf foi lid la dndfUc. 
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that the whole Kldchist&n and Persian Coast from near Cape Monze to Bashehr, a dia- 
tance of over 1,100 miles, and the islands lying oS it, oonsists of the same group of rocks. 
This group, which is of tertiary age and newer than the nnmmnlitic series, may con- 
veniently he named the Makrdn group. 

The salt formation in Hormuz and other places in the neighhonrhood is far more 
andent. Singularly enough, no nommulitic rodcs are known to come down to the coast 
throughout the area described, although Cape Monze near Eai&chf consists entirely of them, 
and I learn from Major St. John that they form the second range of hills inland of Bushehr, 
between that port and Shir&z, and thence extend far to the southward, perhaps nearly or 
quite reaching the shores of the gulf near B&s Mut&f. The only other formation observed 
on the coast is the sub-recent shelly limestone or calcareous grit, identical with that 
found on the western coasts of India and known at Bombay as "littoral concrete" or 
" shell concrete." There are thus, in descending order, so far as I have seen, three distinct 
systems of rocks exposed on the Makr&n and Persian coasts ; these are, in descending order : 
1, littoral concrete (sub-recent) ; 2, Makr^ group (post-nummulitic) ; 3, Hormuz salt for- 
mation (of unknown age). I shall describe each briefly, premising that the Makr&n group 
is the prevailing formation throughout the coast, the other groups being merely local. 

Jlormuz salt JbmuUion, — ^The island of Hormuz, once the centre of the trade between 
India and Europe, is one of the most singular places on the 8urfSEU» of the earth. Except 
at a few spots on the sea shore, it is destitute of vegetation, and consists of a mass of 
craggy hills of singularly confused forms, but of small elevatioii, with very few peaks rising 
above the general level, and of brilliant colours, scarlet and purple predominating. One 
peak, a little above the rest, is of pure white, as if covered by snow, and some valleys on the 
westward side of the island are equally filled with a white mass, suggestive of glaciers. 
Other peaks are black. 

In the portion of the island south of the old Portuguese Fort, which I examined, the 
mass of the hiUs consist of rock salt, more or less pure, frequently mixed with a reddish 
earth. Beds of volcanic ori^, dolerites and trachytes, some of them much decomposed, are 
associated with the salt, and some shales and sandy beds are also interstratified. All 
apparently belong to the same series, but the rocks are much disturbed, beds of salt and 
volcanic bands alike dipping at high' angles. At the spot examined by me the average dip 
is about 50° to the north-east. On the opposite side of the island, the strike appeared to 
be nearly the same, but the dip is reversed. 

Micaceous iron in abundance is associated with the salt, and I found crystalline masses 
of anhydrite, and peculiar isolated crystals of carbonate of lime. I had not time to visit 
the white peak, but I have been assured that it consists of salt. 

In the Island of Hanj4m, salt-rocks crop out, every here and there, from beneath the 
Makr&n group. They may always be recognised by the sur&oe having &llen in through 
the washing away of the salt, and the consequent formation of peculiar large crateriform 
hollows. Upon the beds of the salt series the tertiary rocks of the Makr^n group, or at 
least beds which I believe to belong to that group, are seen resting quite unconformably. 

The same unconformiiy is seen in the large island of Kishm or Jezirah at Tawilah, in 
which are several outcrops of the salt series, easily recognised, even at a distance, by their 
red colour and irregular craggy surface, the latter due to their being so largely composed of 
soluble rock salt. Towards the northern end of the island, at a spot which I visited, there 
are some large salt caves dug in a bed of very pure rock salt, from which considerable 
quantities of the mineral are removed for export. 
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I fbtrnd a small oaierop of the Honnnz rooks on ike island of Tdmb. The only place 
on the main land of Persia at which I recognised the existence of this formation was at 
BIw Bostanah, north of Iiing£ I did not land^ bnt the Commander of the Ambenoitch, 
Captain Buhop, took the steamer as close to the shore as he could with safety, in order to 
enable me to see the rocks, and theb appearance and sor&oe were characteristio of the salt 
series. 

I can foim no conception of the age of these salt beds : they are much disturbed, but 
beyond the fact of their being much older than the Makr4n group, there is nothing to 
indicate their gecdogical relations. They appear to be unfbssiliferous. 

Mahrdn group of beds, — Cape Monze on the western frontier of Sindh oonsiBts entirely 
of nnmmulitic rocks, diiefly limestone. Farther to the westward, the beds near the coast 
have an appearance entirely different from that presented by the nummulitics, the distinction 
being so great that it may be recognised at a distance of many miles. The prevailing rock 
along the Makran Coast is a pale grey clay, more or less indurated, occasionally intersected 
by veins of gypsnm, usually sandy, and often calcareous, occurring in beds of great thick- 
ness. With this clay are interstratified bands of shelly limestone, calcareous grit, and 
sandstone, but these usually form but a small portion of the mass, although their greater 
hardness makes them conspicuous at the surface. In all sea cliffs and inland scarps the 
clay is well exposed ; thus the magnificent diff, neariy 2,000 feet high, at B&s Mal&n, is 
almost entirely composed of it. From its softness, it disintegrates rapidly, and the usual 
features of the scenery are peculiar and characteristic. Where the rocks of the Makr&n 
group are horizontal or slightly inclined, the hills near the coast, as at Bas Mal&n, Horm&r6 
and Gw&dar, are more or less flat-topped, the upper surface composed of one of the hard 
calcaxeoos beds, which are usually dark coloured or become so where ^posed, forming a 
stcmy plain, often broken up by ravines. Here and there, e^cially if the harder beds are 
few in number, isolated Uocks of £uitastic form stand up above the general level of the 
hills^ precisely as in the horizontal traps of the western ghfits, although the pale, almost 
white colour of the Makr4n clays gives them a very different aspect from that of the black 
basalts. The scarps around the hills are white or grey clay diflb, often mudi concealed by 
the dark coloured d^ris of the calcareous bands. 



Where, on the other hand, as is sometimes the case,— «. ff., near J&ahk and some 
miles east of Hing^, — ^the rooks of the Makran group dip at considerable angles,, the hills 
formed oi them assume a very serrated appearance in consequence of the rapid washing 
away of the days and the prominence given to the harder bands. Although this appear- 
aooe is peculiar, it is less characteristic than that of the flat or nearly flat-topped hills 
sonounded by pale coloured cliffs. 

Locally, a peculiar appearance is produced by vertical veins- Of gypsum standing up 
in the clays, but this does not appear to be common. 

The " mud volcanoes" of the Makr&n Coast have long been known : they are numerous 
and those seen by me at Chandrakup appear to consist of the characteristic clay of the 
Makran group, which being mixed with salt water, is ejected by means of gas, and dries 
into cones. 

Fossils of Mahrdn group, — The Makr&n beds aite evidently of marine oi-igin. They 
are usually highly fossiliferous, the most abundant fossils being species of Ostrea, Pecten, 
and Balanus, Bivalve MoOusca, especially forms of Area (several species), Cardi%tmf Lucina, 
and species of the family VeneridtBt ^c, abound, but very often only occur as casts ; (Gastero- 
poda, though far from scarce, are less common, forms of Ceriihiwm^ TurriUllay and Naiiea 
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being perhaps the most prevalent. No Braehiopoda or Cephalopoda have been noticed* 
Eehinodermata appear far from scaroe ; corals also oocnr, but in no great abundance, whilst 
Foraminifera, although common, are chiefly represented by minute species, the only 
abundant form observed of frequent occurrence, which is not of very small size, being an 
Opereutina, I£ any fossil character can be selected as distinctive of the formatLon in 
general, it is, I think, the £requent occurrence of the cirripede Balani. 

It must be borne in mind that all remarks upon the fossils of the group are founded 
on very few and scattered observations, and that any conclusions now drawn may require 
modification when the rocks are farther examined. Still I think it may be safely stated that 
the fauna differs entirely from that of the nummulitic rocks. Only a small minority of 
the fossils obtained can be identified with the species figured in D'Archiac and Haime's 
" Animaux Fossiles du Grroupe Nummulitique de Tlnde i" and, of these, it remains to be 
seen whether all really occur in the nummulitic series, for it has long been suspected that 
some of the species figured by the distinguished French geologists are derived firom a higher 
group than the true nummulitics. The general facies of the Makr4n fauna is utterly 
different from that of the lower tertiaries ; the commonest and most characteristic foasOs of 
the nummulitics are Foraminifera, especially Nummulites and Alveolina; the most 
abundant shells in the Makr&n group are barnacles, oysters and scallops. No junction of 
the two series has hitherto been observed, but it may be safely asserted that the Makran 
group is newer than the nummulitics, for while the fauna of the latter appears to be nearly, 
or entirely extinct, at all events in the shallow seas near the coast, several of the Makran 
fossils appear identical with species found living, in water of moderate depth, along the shores 
of BildcMstan and the Persian Qulf.* 

It is possible that the Makr&n group represents the Milliolitio deposits of K&thiawir 
and the south-east coast of Arabia. Some of the calcareous bands of the former have veiy 
much the appearance of " Forbunder stone," and seem to consist, like it;, of the casts of 
minute JFbraminifera, 

Persian Coast of the Grulf, and the neighbouring islands, — It must be borne in mind 
that, whilst I have little doubts as to the identity of the formations on the Makr4n seaboard 
from near Somianf to Jashk, my suggestion that the beds seen along the north-east coast 
of the Persian Gulf belong to the same group rests chiefly upon their appearance 
from a distance, a very imperfect guide, and one upon which I only hazard an 
opinion because the rocks have a very peculiar appearance. The only places, where I 
examined the rocks, were in the islands Hanj&m,t Ttimb and Kh&rak. At the first named, 
the beds closely resemble some of the Makr&n group, but the pale clay is in com- 
paratively thin beds and highly calcareous, so as to form a hard compact rock. Of fossils 
besides the characteristic oysters, pectens and barnacles, a Cidaris occurs with very 
peculiar spines, which are scattered in great numbers throughout one bed in the valley behind 
the telegraph station. The spines vary so greatly that scarcely any two are identical 
in form, all have the terminations expanded, and either flattened or cup-shaped, with 
numerous finger-like processes from the end. 

At Tdmb, nearly the whole island is covered with subrecent littoral concrete. Beneath 
this clays are here and there seen, which very probably belong to the Makr&n group. 

* By the usistanoe of Captain Bbhop, I have been able to collect with the dredge a oongiderable number of 
the MoUuBca inhabiting the sea bottom. These will doabtlera aid in making ont the relations of the Makrin beds. 

t Henjam, Henkam and Angam of varioni writers. 
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The island of KMrak* near Bnshelir oonsiatB of rocks procisely like those of Hanj&m. 
liittonl concrete covers the level ground near the coast ; from heneath it rise thick whitish 
grey beds of fine argillaceons limestone, or very calcareous clay, capped by coarse dark 
coloured gritty limestone. Except that the clay is more calcareous, there is no difference in 
mineral character between these rocks and those seen at B6s Malan, Gw4dar and Jdshk. 
Fossils abound on Kh&rak, and again the most abundant are species of Ostrea, JPecten 
and Balanus. More careful comparison than I have had time for hitherto is necessary in 
order to ascertain whether the species are identical with those of the Makr&n Coast, but I 
think they are, and if any of them are not the same, they are certainly closely allied. With 
these occur two species of Spondylus and several Echinoderms, amongst which the principal 
are two kinds of Clypecuter, a ScuUlla and an JEchinus, One form of Clypectster is near 
C Maiaefuis, D'Archiac and Haime ; all the other fossils appear to be distinct from those 
figured in the "Animaux Fossiles du Group Nummulitique de I'lnde" The JBalanus may 
certainly be B. suhiiBvw, but the diffioulty of comparing fossil Balantda is well known. 

Littoral concrete. — ^This is an impure loose textured limestone, abounding in shells, 
casts of sheUs, and corals of very late tertiary or subrecent date. - The minority and perhaps 
all of the shells found in it are identical with those now common on the coast. It 
frequently resembles in texture the well known Calcaire Orossier of the Paris basin, 
and, like that rock, is an excellent building stone, indeed several of the towns on the Persian 
Coast, e.g., Bushehr, are built of it. It usually occupies flat or nearly flat ground close to 
the shore, and but little raised above the level of the sea» and it is, doubtless, in many 
instances, simply a raised coral reef. 

This formation occurs on the western coasts of India here and there, as far south as 
Bombay at all events. I did not notice it at the points visited on the Biluchist4n coast, 
though I am disposed to believe that it is represented near Gw&dar by a rather argillaceous 
bed, of which I have seen fragments abounding in shells. At J&shk on the Persian Coast 
of the Gulf of 'Om&n, it is well developed, and forms a low cliff about 20 feet high. I 
found it on the east side of Hormuz, on Hai\j4m and Eishm islands, and the greater part 
of the sur£Ace of Tumb island appears to be formed of it» it being here, if I am right in the 
identafication« raised much higher above the sea than usual, and slightly disturbed. Bushehr 
is built upon it, and the eastern side of Kh&rak island is composed of it. In the last named 
locality the island is partly surrounded by a ''fringing" coral reef, so that the similarity of 
the raised reef forming the " littoral concrete" and that now existing around the island is 
striking. 

The chief geological interest attaching to this formation is derived from the evidence 
it affords of recent elevation of land. Beasons will be given in another paper for believing 
that in this respect the western shore of the Gulf of 'Om&n differs from the eastern. 

Camp Cheddar, Biluchiatan, January, 1872. 



* Kbixff, Karack, KlUjrij, fte^ of viriotiB msi«. Tlie names in the Golf are moetlj Arabic, and I am informed 
that where the Arabs nse j, Uie Feraians employ k. Thus Kharak or Khar^, HaQj4m or Henkam. 
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NOTBS OK A T1UTBB8B OF PARTS OF THB EUMlCtrKMBT AND HaKAVCONDA DI8TSIOTS IIT 

THB NizAV'8 DoMiKiOKS, hy WiLUAM KiNO, B. A., DcpvJty SuperinieHdetU, Qeolo' 
ffieal Survey qf India. 

The conntiy refened to in these notes is a moderately derated and rather thicklj jangle* 

hnrA ri rf hi bft 1c np ^^^^'^ ttSkct to the westward of the €k>daYery river, and 

Ooda^Tj. lying generally along, hat to the sooth of, the 18th parallel 

of north Latitade. 
That part of the tract adjacent to the right hank of the Godavery has heen already 
Alr^j referred to In Beooida. referred to hy my oolleagne Mr. W. T. Blanfoid.* 

A path traverses the region in a general west-north-west direction from P4Itincha m 

ObaervationB mostly made along Knmmmnet, to Narsimpet in the Pfikhfil talook some 
path from P4ifecha to Nanrimprt. thirty miles east of Hanamconda; and it was along thia 

route that my ohservations were made, for except aroond the few villages, np some side 
paths, or in the dry water-coarses, it is, at present, almost impossihle to see anything of the 
ooantry owing to the ptevalenoe of thin tree jangle and undergrowth. 

The few people who inhabit this ooantry are of the " Koi" tribe, which is at present 

more generaUy confined to the Bastar Territory to the east 
IntaabitantB belong to " Koi" tribe. « ^ Goda 

I took Up the tother eiamination of this ooantry at P^dncha, in the ndghbooihood 
of which place Mr. Blanford had been last season. 

Paluncha is on the coarse sandstones of the Kamthi sab-gronp already described by 

Mr. Blanford as extending thence down to Ellore in the 
Godavery District. These rocks^ however, only extend 

a little distance from the village ; and the path to Tellambile passes on to rocks of the 

"Oiystaliine series," gneiss of different kinda showing at 
rare intervals oat of the superficial deposits covering the 

low-lying and slightly uneven country. 

Near the crossing of the Einnersannm V6gd, or a short distance higher i^ the river^ 

there is a good display of rocks which are not so dearly 
StOwsryBtallines at Tellambile. -.,, . ' ax. ij j j 

of the gneiss series as those already passed over; and 

these are found to be associated with highly altered quartrites forming the low hill ridgea 

lying to the west and north of TeUambile and continuing northwards into the lofty group of 

hills lying between the villages of Munderkheil, Oolavanoor, Mollaw&ram, and M4mla. 

Mr. Blanford has noted (on his working map) that part of this range may be of Yindhy- 

OoUvanoor range, of Vlndhyma as "^ '^^■- The southern flanks, at any rat^» are made up of 
well as SubHoyat^imes. quartzitesy slates, and schistose beds> which though they 

have a much more highly altered character than the generality of the Yindhyans, are still 
not sufficiently metamorphosed to be included in the gneiss series. Occasionally, it is true, 
some of the quartzites and schists are remarkably like ordinary well-laminiated gneiss ; but 
the general aspect of the series is decidedly more Yindhyan in its diaracter. 

The series forms a distinct belt of rocks, having a north-north-east south-south-west 

Belt of Sub-custallines between s*"^®' between Yellambile and Koyergoodiumf (some 9 
Tellambile and Koyergoodiom. miles north-west) difficult to be defined by good boundaries 
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t As a role, the names of plaeee aa iSbej are given in the aheeta of the Indian Atlas, are adhered to in this 
paper when they are firand to agree with the names given by the people. In the region nnder desoription the 
people say goodium or perhaps goodi/im} I have never heard ' goodum; or gudem. 
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£rom the gtuasB between it and the Godaveiy, hnt still separable by constitntion and 
^eaenl fades, 

I haYe (in previons years) already observed a small patch of like rocks on the eastern 

8«ne MriM in Bellitfy and NeUow «%« ^ ^^ Bellary District, just underneath the western 
IMatilets. . scarps of the Pdl Conda range of hills, soath-sonth-east 

of the Chittrawntty river as it enters the Kadapah District. Here, they are quite distinct 
from the adjacent granitoid gneiss and the superincumbent 'Vindhyan quartzites. Again, 
on the western edge of the NeUore District, south of the Pennair, there is an extensive 
belt of similar rocks which I have doubtfully mapped for the present among the Yindhyans 
of that part of the country. 

Close to TeUambile, however, the series is rendered extremely interesting from its in- 

At YeUambiie, inclades limeBtones eluding numerous beds of grey Hmestone which show to the 
witk Bszonoid itnictuw. onassisted eye a structure, or arrangement and constitution 

of the lamin», exceedingly like that of the JEozoon Canadense of stiU unsettled origin. 

A short distance (some 500 yards or so) north of the village, there are several beds of 
limestone cropping up in the jungle, on either side of the path to Munderkheil. They 
are striking about east by north, west by south, and are either vertical or dipping at high 
angles north, or south ; while they are traceable to the northward for some short distance, 
and southwards as far as Gutmulla. Ridges and bands of highly altered and crushed quart- 
sites nm between the bands of limestone strata. 

Again, some 8 or 9 miles north-west, at the villages of Bungarchilka and Koyergoodium, 

there is a further exhibition of limestone beds of the same 
Alw at Bongsrahilkft. kind; but they do not show the Eozoonoid structure so 

plainly. 

GeneraUy, the beds are of pale (weathering darker) grey and white laminated sub- 
Aapectof limeBtones crystalline (not saccharine or granular) limestone; the 

lamiuffi running easy or parallel with the strike. This, for 
inyffmfifly is the siyle of the beds nearest to Yellambile ; but almost immediately north there are 
other beds forming a broad belt traceable south-west almost to the Kinnersammi V4gu, which 
are not simply laminated but have their layers of different matter arranged in waving and 
undulating lines, rapid contortions, lenticular masses with enveloping laminsB, and knots of 
all forms. The undulations are equally various on surfaces across, or with the strike. 

The harder laminiB, stUl 9ofb enough however to be scrached with a knife, stand out 
well on weathered surfjEUses ; and they appear to consist of some form of Pyroxene, and are 
generally of a grey or greyish-green color, and again at times quite white. Some of the 
laminsB are occasionally of a more decided green color, and they then are possibly serpetUin* 
aus, but this is rare. They are equally unaffected by acid on fresh or exposed surfaces. 

The outstanding layers are also themselves finely laminated; and as they widen out 
often to half an inch or more, they assume a granular form, and are occasionally fringed on 
one edge. A number of such layers often run together and thus make up a broad seam of 
irregular laminar-granular structure. 

Though not a particularly bright-colored rock, it still shows these characters on half 
polished surfaces (I could only grind them down so far in camp), and they are then if 
anything more Eozoon-like. 

Much of this limestone is more or less micaceous, and is then somewhat schistose ; but 
neither the directioti of the schistose surfaces, nor yet the cleavage which is also exhibited 
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have anything io do with this lamination which appears to lie as dbtinctlj sedimentaiy 
as the lamination in any ordinary aqneons rock. 

This existence or not of Eozoonal stmcture most now rest on that closer examination 
of the rock specimens which could not he made in the field. 

From Tellambile the path runs north-west to Bongarchilka. Thence, after going 
ContlniiaUon of route past Bon- north for a mile Or so, it passes round the northern end 
garchilka. of |;iie quartzite ridge north-west of the village, and then 

enters on Kamthi sandstones. 

These are lying in easy undulations, or nearly flat, possibly with a general dip of 

Kamthif Mraio. ^°* ^^ — ^^^ north, or north-eastward. They cannot be of 

much thickness between their eastern edge near Bungar- 

chilka and the village of Arlapully, the next place of any size on the road ; but they attain 

To ArlaDuU ^ much greater thickness in some ridges and high hills to 

the north, on whose steeper slopes the lines of out-crop 
of the beds are very well displayed. 

Arlapully is noticed* by Mr. Blanford as a place where some fragments of coal had 
been found. I did not know this until some time after having left the village, or a closer 
Change in sanditonet bejond Aria- examination might have made. However, in the next 
P°^*'' march, viz., from Arlapully to Goondal or Goondala (some 

10 or 12 miles west north-west), there is a gradual change in the appearance and character 
of the sandstones, even in the rare cases in which they are exposed to view. 

These become rather paler-colored, less coarse and tufaceous in their textture and full 
^^ of iron concretions, when they are indeed very like the 

Barakar sandstones of Idngala and Madaveram on the 
Godavery. 

The path from Arlapully crosses the Kinnersammi Yagu at the confluence of the 
^616tu (from the north), and then it keeps pretty close alongside the right bank of the 
main stream until it again crosses the river just before passing through the village of 
Mootapooram. 

At this crossing there is a good display of thick-bedded grey and yellow sandstones, 

some of them rather fine-grained and not unlike Barakars ; 
indeed, from the fact of the beds undulating so easily and 
there being an evident general dip of low degree to the east and north, throughout the 
Kamthis up to this, it is highly probable that these pale beds are really of the lower series. 

The above is what I noted at the time of passing the place. Since then I have seen 

the coal area north of K4m4rum, to be described further on, 
^^ ^ roe . ^^^ J ^^^ ^^ ^^ opinion that at Mootapooram or close by, 

we have true Barakars, and it is at this village until the bed of the Kinnersammi Y^gd 
has been examined more closely that trial borings might be put down with advantage, if it 
ever become necessary to search for coal in this wild region. 

The beds are rolling about easily with a dip of 6° or 6°, about north-west, 

though it is difficult to say what is the true direction of 
the dip in such irregular beds as these are. 



* Beoords, Geological Surrey of India, Vol. IV, Part 3. p. 88. 
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It 15 eTen possible that a seam of ooal may show in the place where Ihe large 

Pwluipe A MHn of ootl at entwh»g ^ V^^ ^^ water lies at the crossing ; for, I found that the pools 
of Kiimemiiimi Yigft. ^f ^^^^ ^^ ^j^^ ^j^ ^j^ ^ K&mfirum* are all lying on 

the seams, or dose by. 

That we are near the bottom of the Eamthis, if not below them altogether, at Moota- 

pooram, is soon evidenced, for the large viUaee of Goondala, 
about 4 or miles further west north-west, is quite close 
to Yindhyan slates and quartzites. These forxja the main hill range,' a mile or more south- 
west of Groondala ; and a low plateau ridge, immediately west south-west, ia made up of 
coarse, ferruginous, dark-colored Kamthi sandstones. 

No trace of Barakars was seen in this neighbourhood, little rock being visible in the 

open flat country around. My examination was however 
▼exy bri^ and superficial, as owing to the dryness of the 

season, I was hurrying on to examine the K4marum field before all the water in the pools 

should be dried up. 

Goondab is the only village proper on the route ; there is a bazaar, &c., and the inhabit- 
ants are not exclusively " Kois," as is nearly always the case with the other villages, except 
Arlapully, where also there is a mixed population. 

Continuing westward from this for a couple of miles, there are a few villages, among 
h0km t Taiook them Lingoogooram or Lingoogoodium, all of which are just 

"^ on the boundary between the talooks of Nandyconda (just 

traversed) and that of F&kh&l to the west. 

A short distance beyond Lingoogoodium, there is a small hill of Kamthi sandstones 

round which a stream flows ; after crossing this and another 
wider one, which may be the Kinnersammi, the path begins 
YindhyaoB. to ascend, and then crosses a low ridge of Yindhyan slates. 

Ko more Kamthis are to be seen for 10 or 12 miles to the west ; their general south- 
western edge trends northwards past the small hill west of Lingoogoodium. 

The path now runs through a rather wilder country, still covered with tree, jungle, and 

coarse grass. The general elevation is about 1,000 feet above 
va an coonny. ^^ ^^ ^^^ ^^^^ surface of the country is rather rugged with 

low ridges. It is impossible (unless clearings were made) to get a view anywhere to give one 
a fair idea of position. I got on one small hill which gave a view over a country of appa- 
rently endless tree jungle unbroken by any distinct feature, 
the long range of Yindhyans to the south-west of Groondala 
being only recognizable. Two or three paths cross this waste of jungle to Ei&m&rum ; that 
followed by me was reported to be the best. It is a mere track occasionally worn into two 
ruts by the wood-cutters' carts, and much intruded on by trees, so that my packages on the 
camel's back were much torn and rubbed. Otherwise, there are no difficulties or even 

dan^rs.t 



* The flragxnento of ooal said to have been found at ArlapoIIy, could not have come down from the K&m4nim 
field, aa there ia a high water shed between the two plaoei. KAm&ram fragmenta lalght torn op above Hangnmpett, 
on the QodATery. 

t The nmte, aa given In Colonel F. H. Scotf a Roate Book, is described as rather nigged and dangerona j but 
this description is of many years ago. However, it is not a path to be travelled during the night Ume. 
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The rocks are generally reddish and brown earthy day-slates and a few beds of qnart- 

zite sandstone of the Yindbyans, not at all unlike those of 
parts of the North Arcot and Cuddapah districts traversed 
by the north-west line of the Madras Railway. 



Eam&ram, in the P&kh41 talook, is a poor Tillage* in the midst of about the wildest 

part of this jungle-covered region. It is supposed to be the 
nearest convenient village to the coal locality of the P&kh41 
talook. 



Stibn^Knuxu 



Coal-field, north north-wMt of U- Without further preface, it may as well be stated at once 

■**"*"»• that this coal-field is very small and ill-placed in every 

way for its development. 

At the most liberal calculation, it is 156 acres in extent, and it very possibly may yield 
2,266,120 tons of coal, of which I should say 1,132,560 tons would be good coal, almost as 
good as that of the Warda R. coal-fields. It is unfortunately lying at the very inconvenient 
angle of 30° on the average ; and the seams are apparently the water holders of the field. 

This littie ooal-fidd was reported to the Nizam's Government by the then Tahsildar of 
Account of the diwoverj of ooeI- Kandiconda, who gave a tolerably exact account of the 
^^' occurrence of the coal and the nature of the country. 

There was great enthusiasm on the subject, and a reward of Rs. 2,000 was at once 
determined on ; but it became doubtful as to whose the reward ought to be, the Tahsildar 
being supposed to have a great claim. He certainly made a rush at the field as soon as 
he heard of it, though it was not in his talooks. However, it has now been definitely 
settled that the reward goes to i^e Eoi men who knew of the coal, and the Banya who 
got the information from the Kois, by making enquiry on the subject. Under such a 
fair adjudication of the reward, it may be that further information regarding other seams 
of coal in this region may now be volunteered. 

So &r, there is no more coal in the locality in question, it may be found lower down 

„ ,^ , ^v J the valley of the Punffady V&gu, and, as steted above. 

No other coal near at hand. •'., f»j~B» »^ ^ » 

there are fair signs of it at Mootapooram in the Kandiconda 
Talook, while the Barakars may crop out among the hills due north of Lmgoogoodium. 

f «i fi Id. ^^ coal-field lies about six miles north north-west by 

west of Eamarum, in the bottom of a wide valley opening 
northwards, on a main feeder of the Pangady Vagu. 

Leaving Edmarum, the path for about 3 miles goes along the plateau top of a spur 

extending into the valley, over a thin set of Kamthi sand- 
A small patch of Kamthie. . •, , xi.*i. i* ii.* 

stones and conglomerates which are restmg nearly nonzon- 

V^dhJSns?' ^^ "^"^^ °"*°^^ *»% on Vindhyan slates. This covering of sandstones 

is only a thin outlier left on the older rocks, which, except- 
ing at the coal-field, are the rocks of this part of the country. At the end of the 
spur, the path descends a low scarp or step of 30 or 40 feet, and then goes north-west 
for some distence down into the valley, until it crosses the main stream for the first time. 



* Deeerted, while I was there, the "Kois" having migrated to another group of huts not far off. As a role; 
these people deserted every village we came to or passed by, bnt they gradnally emerged fh>m the jangle when 
they found that no harm was meant, and came up to the camp. 
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Here, the course of the Btream is over dark green trappean rock (weathering into a 
TakshiM tn mudstone) with dyke-like inaases of compacter rock, 

occasionallj laminated and bedded, which is soon seen to be 

of the Talchir series. True Talchir conglomerates and fine 

muds occur very shortly after this, especially throughout the course of the river beds, but 

ikichir "bonidfl bad." *^®^' "^ mainly Tolcanic muds and ashes associated with 

a great boulder bed of irregular thickness. Higher up 
come fine dirty green-mud and sandy-mud shales, and then thick beds of fine pale greyish - 
green sands. The lowest rock seen within the neighbourhood of the river bed is of trappean 

T * m-i V. * * X matter, generally devoid of lamination, of a dark-ffreeu color. 

Lowest TBlchln. a form of trap. .'% t ti i xv • r j 7 i. 

occasionally nearly black, weathering of a dark-brown or 

reddish-brown color, of a compact dull stony texture, weathering into a compact sand-stone. 

This, as well as some of the shales, is occasionally slightly vesicular, or finely tufaceous and 

containing small fragments of slate and shale. This lower deposit is in places somewhat 

conglomeratic, but I think the true conglomerate is higher in the series. Over this 

come a few thin laminated beds of the same style of rock, or as often an ' ash-like' 

«x , ,.^ ^t. ,^ ,. ^.. mud-stone rock with large and isolated smoothed frag- 

Btjleof the "boulder bed." ^ i. i- i. w ^ -^ j - u 

ments of lime-stone, slate, quartzite, and occasionally 

gneiss and granite. Some of these fragments are very large, as from 4 to 6 feet by 2 and 

3 feet, and they are generally lying singly in the finest form of this ash mud. At other 

times there are the more frequent seams of pebbles and shingle, though these are not crowded 

together as in an ordinary pebble or shingle bank. 

This appears to be the representative of the usual ' boulder-bed' in the Talchir series : 
only in this region the new feature of its having been at times derived from volcanic sources, 
is I think clearly evidenced. As to the occurrence of the smoothed boulders in the fine mud, 
one can hardly lay aside the idea so often advanced by my colleagues, but that these were worn 

and deposited by glacial forces. Two large smoothed and 
rounded sub-angular masses of Yindhyan lime-stone c^- 
tainly seemed to me to be scratched otherwise than as from the wear and tear of the river ; 
but I had no means with me for heaving them out of their position to see if the uncovered 
sides were marked in the same way. It is fair to state that the few boulders of lime-stone 
(unscratched on their exposed surfaces) which I did displace, were not marked at all on 
their buried faces. An enthusiastic glacialist would certainly have seen in the Talchirs of 
this region, a deposit similar to that which is probably being laid down in the neighbour* 
hood of Iceland, for instance, in the present day, where deposits of an undoubtedly volcanic 
source will be found associated with the debris of an ice-rubbed country. 

The path crosses the river four times in a distance of about 3 miles, Talchirs being 

^ ^ ,,^ ^ , traversed all the time; but near the fifth crossing grey 

Bankan with seama of coal. do./ 

Barakar sandstones are met with on the slope of the 
valley descending again to the stream, and in the bed of the same there is a seam of thinly 
laminated shaly and stony coal of about 20 feet in thickness, dipping at 30° to 35^ south* 
west by west 

The outcrop of the coal is seen very strong in the river bed as one goes northwards, and 

, ^. . . . after a few yards the dip becomes a little easier. The river 

oeam in the river Deo. iiit 

then makes a little bend by which the coal runs in under 

the bank, but beyond the bend it shows again in the river very strong, still with the dip of 

.30" — 36° which, however, rapidly increases to 45° (if not really more beneath). It is about 

18 feet thick, close to a narrow gully of the river crossed by a band of sandstones having a 
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north-west strike. Here the coal strikes into the land on the left bank ; and nothing ftirther 
is seen down the coarse of the stream, for a little more than a quarter of a mile of windings, 
hat sandstones lower than the coal, and then beds of the Talohir series. 

Still following the stream, however, I foand, at aboat 2,800 feet from the last gap. 
Three seamB of ooal lower down another sharply angnlar twist of the river crossing Bara- 
tlie stream. ]^^ sandstones ; and here the following section is traceable, 

in ascending order. 

At the bottom : The boalder bed of Talchirs overlaid by dirty pale green fine mads, sandy 
mads, and thick beds of pale gray green fine sandstones. These are generally dipping 
westward or soath- westward in irregular ondulations, at 20^ to 30*. 

Besting unconformably on the fine sandstones are — 

(1). Orey weathering, allghtly femginooaly nodnled, Tery coane, open textured, aofl, 
pde, bnffand white felspathio eandatones, with ocoasional thin layers of pebblea. 
YarionBly bedded, sometimes very thick, or thinning oat oyer one another. The 
beds are somewhat thinner (8*— i') near the top,tand more oompaot 74 fbet. 

(2). Thinner flaggy beda of soft sandstone and dark gr^y or blue sandy mioaceons 

shales ... ... ... .,, „, „, ,,, ,,, ^^, 1—8 fL 

(8). Cboi.— Thinly laminated, rather stony, and fhll of patches of a soft velTety oharooaL 

(This is the seam showing in the bed of the stream higher np) SflMt. 

(4). Coarse grey sands, thick and tUn-bedded. somewhat thinner bedded towards top : at 
bottom, resting on the ooal, a Texy thick bed, 20 feet or so, of coarse pale grqr 
sandstones, with a few iron concretions ,. eofeet 

<{(). Cbal.— (This is throoghont the field a thin Isyer, and it at times thins oat in strings 

into the sandstones). ... ... 6— 12 inches. 

(6). Coarse sandstones same as those below last seam of coal ... 16 feet. 

(7X C!(wl.--8imilar to lower seam 9 feet. 

<8). Thick beds of coarse grey sandstones 16 feet and 

upwards. 

The upper bed of coal (7) shows in the steep fieu^ of the river banks ; a fine bed, 6 feet 
of it exposed vertically, the dip being a littie easier here (26° — ^30^. A litUe brook from 
the westward has hollowed back a small cave in the coal. 

The middle thin seam (6) is just visible between cropping-up beds of sandstone. 

The lower seam (3) is only visible immediately beneath a large diff of the sandstones, 
at a sharp turn in the river, where the latter is crossed by a ridgy band of the sandstones 
below the coal, having a dip of 30° south-west. 

The coal has been washed out, and the cleft thus formed is filled with gravel and sand, 
but the upper part of the seam can still be seen just under the cliff. This cleft is the water- 
holder of the place, and it is in like spots in the other sections exposed by the river in these 
coal rocks, that water is now standing. 

A short distance further down the stream, the same three seams of coal may, with care, 
be traced but at different points; here the dip becomes rather easier, while the strike is 
tending more round to due west. South of this, for a mile or so, there is nothing but 
Talchirs, and hills of Yindhyans on either side of the valley. 

After a good deal of searching at the oiiginal locality, higher up the river, I found that 

-^ x^ ,. XX,- ^ ,^ the three seams of coal are also there, and they are apna- 

Three seams thronghont the field. ., , , , , . / . ^, . V 

rently not much reduced or mcreased m thickness as a 

whole. The upper seam is possibly a few feet less, while the lower is as stated 20 feet 

thick. The beds associated with the coal are pretty much the same as those given in the 

section above. 

Following the stream upwards from this for some 100 yards, round a spur on the right 
bank, there* is another watering place under a ledge of sandstones ; and here again is the 
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lower seftm of coal, still about 10 or 12 feet thick, overlying sandstones striking across the 
stream with a dip of 30° south-west. Coal visible in both banks. 

Lastly, still higher up the stream, about 6 or 700 yards, a 6—12 inch seam is traceable 
in the vertical face of some low dipping sandstones on l^e left bank, at about 4 feet from 
the ground. This is very possibly the thinning out of the lower seam. 

At any rate, not many yards higher up the stream, the Barakars cease altogether and 
l^Jchirs form the ground ; but these ever extend only a few yards westward, when they are 
found to come up agunst Yindhyan quartzites of the main western hill-side of the valley. 

These three or four places down the course of the stream, showing from one to three 

. .WW. r X • L seams of coal, thus indicate a curved line of outcrop of 

8,000 feet of outcrop. t» i « / /* . « i 

Barakars of about 8,000 feet in length ; the Talchirs hading 

out to the eastward fix>m underneath them. 

Examined at right angles to the strike, they are found in the hollow of this curved 
Bnmkara laid b TTawitM. ^^® ^^ ^ overlsid by Kamthi sandstones forming a series 

of low ridges just behind that point of the stream where 

the ooal was first found. The beds of these ridges, in their turn, dip at the high ridge 

AU Af>at egvinst tn^jn western forming the main western side of the valley. At either 

ridiie of VindliyanB. end of the outcrop, the coal rocks and the Talchirs are 

traceable into close proximity with the Yindhyans of the main ridge. The western boundary 

„ , ^ ^ of this small field of Talchirs, Barakars and Kamthis is 

then, as nearly as possible, a north-west — south-east line 
BMdOi of field ebout i,fiOO feet ^^j^.^ ^^^ ^^ ^^^ ^^ ^^ ^^^^ ^^^^p . ^^ ^^ greatest 

cross-width of the area of Barakani and Kamthis is about 2,500 feet. The width of the 
Talchirs was not ascertained ; it is possibly never more than a mile. 

I was unable to find any of the upper rocks in contact with the Yindhyans to the west- 

The w«tem boondaiy abrupt, with ^^^^ 5 ^^* '^^ seemed that this boundary is either a faulted 
Atteepedge. one with a nearly vertical edge, or preferably a natural 

one, the Kamthis, Barakars, and Talchirs having been deposited in a basin against a steep 
shore of Yindhyans. 

The dip of the Kamthis in the minor ridges between the river and the main western 

Qenenl dip of oo»l rocks 30« west- 'ange of the vaUey, is still at about 30** westward : so that 

^v*^ we are perforce obliged to consider that the coal field 

throughout has about this average dip ; except, perhaps, a little lower, at the northern end, 

where the beds are striking round west at the main ridge. 

Continuing the section given above in ascending order, I was able, by going south-west 

Section of thiokesi part of Kamthia ^t the main ridge, to roughly estimate that there are about 

sudBankan. 140 feet of Barakar sandstones oyer the upper seam of 

coal (possibly there may even be more seams than those now described) and then 950 feet 

of Kamthi sandstones. 

To recapitulate in descending order : — 

JTiMlllJU MMWOfldS... ••• ... ... ••• 

rSandstones 
Coal 

Bandfltonen ... 
Barakart ... ... ^ Coal 

SandBtonea ... 
Coal 

^Sandatonea 
Takkin (tbickneas unasoertained). 



• ••• 


OGO feot. 


■ • ••> 


140 „ 


• ••• 


9 „ 


« ••• 


16 „ 


• ••• 


(^— 12 inches. 


• •■ ■ 


60 feet. 


• ••• 


6 „ 


• ••• 


74 
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Thifi is the thickest part of the Kamthis and Barakars together ; the latter thin out to 

the south. 

Supposing that the western boundary has a nearly vertical edge, which I think is the 

true state of affairs, it may then, without allowing for 

*" greater area by the pocket-shaped form of the bottom, and 

the high dip, be considered that the area of Barakars is about the same as the area of the 

field in plan ; and thb is about 156 acres. I think I am very well within the mark by taking 

12 feet or 4 yards as the average thickness of coal through- 
tek/n a^2*?wt^"* of cool mv be ^^^ ^^ ^^^ ^^^^ together. There are about 4,840 tons in 

Qaaatlty of coal wailable. * «1^"® ^^'^.^^ *^' ^ ^^^ '^^ thickness ; but only three- 

fourths of this can be got out in the working, so that we may 

calculate on 3,630 tons, which being multiplied by 166 for the area, and again by 4 for the 
thickness of coal, gives 2,265,120 tons of available coal. The coal, as described above, is 
about half shaly, and stony, the shaly being the best ; so taking half this number of tons, 
it may be said that there are available in the F4ngadi Y4gd field 1,132,660 tons of fairly 
good coal. 

1 could only judge of its powers by making ordinary fires (assays will be supplied fiom 

the Geological Survey Office by Mr. Tween). These were 
Power n made before my tent of an evening ; it was cold at the 

time ^February) in this elevated region ; and with merely a starting of a few sticks of 
wood there was very soon a good blazing coal-fire which burnt with a brilliant flame for a 
long time. It then quieted down into a red-hot fire, with a pale low flame, lasting so for 
2 or 3 hours ; in the morning the fire was still in existence, but most of the burnt fragments 
still retained their general form in a heavy light-colored ash. For such a fire, 4 or 5 lumps 
of coal, each as big as an English brick, were used. The coal can be quarried in largo 
lumps, which will bear rough carriage. The fragments used by me were just dug out from 
the bed of the river, where the coal must be much deteriorated from that unexposed to the 
atmosphere. 

So far, the favorable aspect of the F4ngadi Vagd coal has been given. 

Against it there is the extremely high dip, and the fact that as its outcrop is for the 

Disadvantwa connected with the greater part of ita length either in the river bed or dose 

coal of this field, very great. along-side — the only pools of water in the river being now 

Dip high, and eeama fuU of water. ^^ ^^ seams— it is extremely probable that even in such 

an exceptionally dry season as this, the seams are full of water from outcrop to full depth. 

The area is very small and it is situated in the heart of an elevated and completely 

Area emaU, and sitoation very out jungle-covered region, in which the number of villages, or 

of the way. rather small groups of huts, is extremely small and scattered. 

The only useful route for the coal to be drawn out is northwards by the valley to Salevoy or 

Mungumpett. In the present condition of the jungle, work could only be done from early in 

u health iri January to the end of May, as the country is reported to 

be either highly feverish, or rendered impassable owing to 
flooding by the rains during the rest of the year. 

From Kamdrum, the path continues still westward, first of all traversing the western 

Continuation of route from ^a^g^ of Vindhyans, already referred to, by a cross valley, 

Kimirum westwards. thickly grown with jungle, through which a clearing has 

lately been made ; and so, across the rest of the Fdkbal Talook to Hanamconda. Beyond 
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the high ridge just croesed, there is a wide stretch of forest-oovered, mostly high flat 
ooantry with occasional shallow valleys and easy descents to other terraces of flat ground, 
until the more irregularly hilly country in which the great F&kh&l tank is situated is 
reached. This country is all of Vindhyan rocks, mainly earthy slates with hands of quartzite, 

Vl«idh7«nm«>d their lie. *°^ ^''^ ^^'^ ?^ '^'"^^'^T magnesian grey silicious lime- 

stone having a dip of 5° to 10** south-eastward. The general 
lie of these Yindhyans is undulating, with a gentle dip to the eastwards : occasionally also 
high, and even vertical, strata occur, so that they hade up at times in low headlands to the 
westward. 

The F4khal tank has heen made hy throwing a hund across a river, which has cut its 
Fikhfl tank ^*^ ^^^ ^^^ western outcrop, hetween two of these low 

headlands, and thus there is a nohle sheet of water kept 
back among the few irregular hills bordering eastwards on the line of low headlands. It is a 
splendid tank : there was no rain to speak of last season, and yet now there is a beautiful and 
wide-spread sheet of water lying back in two arms on either side of a good big hill east- 
south-east of the bund : while from these are long bays reaching up behind low ridges of 
outcropping Yindhyans. On every side there is far-stretching jungle ; even below the tank 
bund, for miles, there is the thickest and densest jungle, only broken here and there by a 
few patches of rice cultivation. There is not the population even in the country below the 
tank to make use of its waters ; and no careful means are taken in these days of Mahommedan 
rule to conduct the water to a part of the country, where the population is more numerous. 
In the old Telingha times, when Warrungul was one of the great centres of the Telugu 
people, there must have been something more stirring in the way of human life than there is 
now in this desolate region of wide-spread jungle. 

Not more than a couple of miles below the tank, there is a great rectangular fort still 
standing entire as to its high mud and stone walls, but all overgrown with, and in the 
midst of^ tall tree jungle. The Nizam's Qovemment is at present erecting a large convict 
jail here, which not being yet ready for its prisoners, and with jungle around, looks almost 
as desolate as the old fort. • 

The coup-d'oeil of PakhaJ tank is tame, the country being flattish and unbroken by any 
good hills, except the long low ranges &r to the east near K&m4rum, and the one large hill 
at the bank of the tank. In beauty and picturesqueness, it cannot for instance be compared 
with the great Cumbum tank in the Eumool District. 

The bund of the tank is very nearly on the western edge of the "Yindhyans ; in fact, the 

Wertem edge of mdhjsn.. ^® ^^ ^^^ ^^^ headlands at the south end of the bund is 

possibly made up of the bottom beds of the series, in this 

part of the country ; for, about half a mile west of the bund, the stream of water from the 

sluice is crossed, and here there is very coarse granitoid gneiss of the crystalline series, and 

CxjaUlllufM. these are the rocks which make up the rest of the country 

westward to Hanamconda. 



Note on PdihH fant.— The tahelldar of Naraimpet haa obligiogly famished me with the following data 
regarding this tank from records in his office : " The tank is said to have been oonstmcted about sixt4>en 
hundred years ago by Rajah Khaldya. The bimd of the tank is nearly 2,000 yards long, breadth 6,000 yards, 
and the depth back from the band, 8,000 yards. When AiU of water, the depth at the sluice is 12 yards." 

Camv GrDDiooonivif, I WILLIAM KIXO, 

Iti Marrh 1872. ) Deputy Superinf indent, Geoloffiral 8urv^ qf India. 
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Sketch of thb Gboloot of Obissjl, by W. T. Blakfobd^ A. B. S. M., F. G. S., Deputy 

Superintendent, Geological Survey of India, 

The province of Qrissa consists, geologically as well as geographically, of two very distinct 
portions, — the one, a belt of nearly flat country from 15 to 40 miles in breadth, extending along the 
coast, and the other, an nndnlating area broken by ranges of hills in the interior. The fbrmer 
is entirely composed of allnvial formations, the greater portion of its surface being probably 
composed of deposits from the great river Mahanaddi and the smaller streams, the Bnunini 
and Baitami. Near its western limit alone, a few hills of gneissose rock rise from the 
alluvial plain, especially between the Bramini and MahanaddL The inland area, on the other 
hand, is chiefly composed of rocks of very ancient date, so completely altered and crystallized 
by metamorphic action, that all traces of their original structure are lost, and any 
organic remains which they may' originally have contained oUiterated. The same rocks 
cover an enormous area in Eastern and Southern India, and are usually spoken of in works 
on Indian Geology, as the Crystalline or Metamorphic series. 

Further exploration in the little known Tributary Mehals will, doubtless, show the existence 
of beds belonging to other formations, but hitherto the only instance in which any considerable 
area is known to be occupied by rocks of later date than the metamorphics, is in the tract known as 
the Talchir Coal Field in the estates of Talchir, Ong61, Bamda, AtmalUk, Badakol and Denkanal. 
High up the Bramini, a series of very slightly altered or unaltered rocks, comprising slates 
wiUi jasper, quartzite and schistose beds, are known to occur ; but it has not been ascertained 
whether they extend into the district administered from Eat&k, though they ave believed to 
occupy portions of Keunjur and BonaL 

The greater portion of the Tributary Mehals has never been explored geologically, and 
the information procurable as to their character is most imperfect. It is possible that other 
coal fields may exist, though not probable. Even the Talchir Coal Field has only received, for 
the most part, a very hurried examination. 

Excluding the formations of which no accurate information has been obtained, such as 
the slates, quartzites and jasper, believed to occur in Keunjtir and Bonai, the following u a 
list, in descending order, of the rock systems hitherto described as occurring in Orissa. 

8. Blown sand. 
7. Alluvium. 

b. — River Delta deposits. 

a. — Older alluvium of coast plain. 
6. Laterite. 

6. Katdk or Atgarh sandstones. 
4. Mahadeva ? or Panchet sandstones and grits. 
3. Damuda sandstones, shales, and coaL 
2. Tklchir sandstones, shales, silt, and boulder bed. 
1. Metamorphic or crystalline rocks. 

A brief description of the character of each of these formations^ as found in Orissaj is 
appended. 
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1. Metamorphtc or Cststallinb. Rocks. 

These consist of various forms of gneiss, mica-schist, homhlende-schist, quartzite, <&c. 
CiTBtalline limestone, common in many parts of India, has not been hitherto observed in 
Orissa. Trtie granite occars in the form of veins traversing the gneiss, and is of various 
forms, the most common being a highly crystalline variety with but little mica^ and passing 
into Pegmatite of the kind known as graphic granite, beautiful specimens of which have 
been found in parts of the Tributary Mehals. This granite is apparently, for the most part, 
at least of contemporaneous age with the metamorphism of the gneiss. But, besides this, 
the gneiss itself frequently passes into a granitoid form perfectly undistinguishable in blocks 
from granite, but which, when in place, is usually found to retain every here and there 
traces of its original lamination, and to pass by insensible degrees into a distinctly laminated 
gneiss of the usual form* 

Other prevalent forms are ordinary gneiss composed of quartz, felspar, and mica ; hom- 
blendic gneiss in which the mica is replaced by hornblende ; the latter mineral sometimes 
forming a very large proportion of the rock, and quartzose gneiss, in which the felspar 
And mica or hornblende, are in very small proportion and the quartz predominates. This 
ipnadually passes into quartzite : a massive rock in general, in which felspar and mica are 
eitiier wanting or occur only in very small quantities. 

The above may be considered the prevailing forms of the crystalline rocks ; but there 
are others of less frequent occurrence. Amongst these are diorite, amphibolite, syenite and 
a magnesian rock, a kind of pot-stone occasionally resembling serpentine. These may all, 
very possibly, be of later date than the mass of the metamorphics, though the serpentine-like 
pot-stone appears to be fairly intercalated. 

2. Talchib Gbottp. 

The lowest beds associated with the coal-bearing strata are themselves destitute of 
useful fuel, and well distinguished mineralogically from the Damdda or coal-bearing rocks. 
They were first separated from the overlying beds in Orissa, and were named after the estate 
in which they were found. They consist, in the Talchir Coal Field, of blue nodular shale, 
fine buff or greenish sandstone, and of extremely fine silt beds, often interstratified with sand- 
stone more or less coarse in texture, in thin alternating laminsd. The sandstones often 
contain felspar grains which are usually undecomposed. In the sandstone and fine silty 
shale, rounded pebbles and boulders of granite, gneiss, and other crystalline rocks frequently 
abound, some of them as much as four or five feet in diameter. This remarkable formation 
is known as the ' boulder bed,' it is peculiar to the Talchir group, and has been found in India 
wherever that group has been examined ; in the valleys of the Damuda, the Sone, the 
Narbadda, and the (jK>davari, as well as in that of the Bramini. 

Of this singular association of large blocks of stone in a fine matrix, but few other 
instances are known, the most remarkable one being that of the * boulder day' of Great 
Britain and other countries, which is now by most geologists considered to be of glacial 
origin. The boulder bed of the Talchir group differs entirely from the boulder clay 
however ; in the former, the fine matrix is distinctly stratified, and the boulders are rounded, 
neither of which is the usual condition of the boulder clay. But the origin of such a rock 
is, in both instances, surrounded by the same difficulty, viz, that any current of water which 
could round and transport the boulders would sweep away, instead of depositing, the fine 
sand, clay, and silt in which they are imbedded. Yet nothing is clearer than that the two 
were deposited together. Ice is rather a startling power to invoke in endeavoring to 
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explain the phenomena of rocks found in a tropical climate, bat without its agency it 
appears difficult, in the present state of geological knowledge, to account for the Talchir 
boulder bed.* 

3. Damuda Gboup. 

Abore the Talchirs, or occasionally resting upon the metamorphio rocks without tJie 
intervention of any other sedimentary beds, are found a series of sandstones and shales, 
with beds of coal. The sandstones are mostly coarse grey, and brown rocks passing into 
grits. They are usually more or less felspathio ; the felspar being decomposed and converted 
into clay, and they are of\«n ferruginous. Blue and carbonaceous shales, often more or less 
micaceous, and ferruginous shaley sandstones are characteristic of this group. Fossil plants, 
chiefly consisting of Ferns (such as Olossopteris, Pecopteris) IHzygia, EquiaetaeeiB and 
Calamitei, and above all peculiar stems divided into segments, believed to be roots of 
unknown affinities ( Vertehraria ), are frequently found. Most of the fossil species found, 
perhaps all, are characteristic of the Damuda formation. 

The peculiar interest attaching to this group of rocks is, however, derived from its being 
the only one in which workable coal has been found in the peninsula of India. All the coals 
of Raniganj, and the other fields of the Damuda valley, all those of the Narbadda valley, 
and of other parts of the Central Provinces, are in Damtida rocks. So fiir as they have 
hitherto been examined,- the coals of Talchir appear to be of inferior quality to those of 
Banigai^, the Narbadda and some other localities, but the field in the Tributary Mehals has, 
by no means, been thoroughly explored as yet. 

4. MahadbvaP GiiotTP. 

Above the coal-bearing series in the western part of the Talchir coal field, there is found 
a considerable thickness of coarse sandstones, grits and conglomerates, quite different in 
character from the beds of the Talchir and Damtida groups, and resting unconformably upon 
them. These rocks are usually coloured of various shades of brown, they are frequently 
very ferruginous, and the separate beds composing them are massive and not interrupted, 
as the Damuda sandstones frequently are, by partings of shale. They form hills of conaider- 
able size in Radakol. 

It is by no means dear that these beds are the representatives of the group in the 
Narbadda valley to which the name Mahadeva was first applied, but there is a general 
sub-division of the rocks throughout the greater portion of tiie Indian coal fields into three 
principal groups. To the higher of these the term Mahadeva has been given in the Narbadda 
valley and in Orissa, and Panchet in Bengal, and until re-examination of the Orissa beds has 
enabled their relations to that of other coal fields to be more accurately made out than was 
possible when they were first mapped, it appears best to retain the name then applied 
to them. 



• In 1866 Mf. Blanford sriffgested (Memoirs, Oeologlcal Snrrey, India, I. p. 49) that these beds might hare 
been deposited on a high Uble land, and that the association of the boolders was perhaps doe to gronnd iee. 
The adranoe of cosmieal theories since that time has rather tended to increase the poisibilitj of periods of 
cold having occurred in the coarse of the earth's history, some of which may hare been snfficiently serereto aflbot 
the tropics, or portions of them. The Talchirs have now been found over so extensive an area that the probability 
of their having been deposited at any considerable elevation above the sea has greatly diminished, and some obserrers 
are incUned to consider them marine, a view which I do not share, bat at the same time no other hypothesis, not 
involving ice action, has been oflfered which acooants satisfactorily for their pecoliarities. (Since this was written 
strong oonflrmation of Mr. Blanford's views has been obtained, by finding in these Talchir boalder beds masses 
of granite of large sise, the surfaces of which have been p<^hed, scored, and fhrrowed precisely as an the 
masses of rocks or bonlderi, found inbedded in, and tnasported by, ioc-floes or glaciers. T. OLDxav). 



PAST II.] Blanfcfd : Oeology of Onssa, 59 

6. EatXe (Cuttack) ob Atgabh Gbouf. 

Soati^-west of the town of K&tkk is a considerable area occnpied by grits, sandstones and 
conglomerates, with one or more beds of white or pinkish clay. The beds are very similar 
in general character to those last described, but there is no evidence of their connection, and 
it appears at least as probable that the K&tak rocks are of later date. 

No fossils have been found in these beds except some obscure impressions apparently of 
vegetable origin in the days. 

6. Latebitb. 

The laterite of Orissa is evidently of detrital origin, and consists essentially of small 
pisolitio nodules, chiefly composed of hydrated oxide of iron (brown hamatite) and coarse 
quartz sand, cemented together, more or less perfectly, into either a firm though somewhat 
vesicular rock, or a less coherent mass, or at times remidning in a loose gravelly condition, and 
thus passing by various gradations into a sandy clay with a few pisolitic iron nodules. As 
a role, the forms containing most iron are the most coherent, and tfice versa. The more solid 
fbrms are laigely used as building stone, having the peculiar but important property of being 
softest when first cut and of hardening greatly on exposure. 

Beneath the detrital laterite, especially when a felspathic form of the metamorphic 
rock occurs, the decomposed upper portions of the latter are frequently greatly impregnated 
with iron, and converted into a kind of lithomarge which closely resembles the detrital 
laterite in appearance, and is employed for the same purposes. 

The massive form of laterite which caps many of the higher hills in Peninsular India, 
and which is more compact than the detrital laterite, is not known to occur in Orissa. 

7. Alluvittm. 

a. Older Alluvium of the Coast Plain. 

In the neighbourhood of the hills and frequently for many miles from their base, the 
alluvium of the plains consists of clay and sand, usually more or less commingled, and, in 
most places, containing calcareous concretions (kankar or gdtin) and pisolitic ferruginous 
nodules. This deposit passes, as already mentioned, by insensible degrees into laterite on the 
one hand, and into the more recent delta alluvium on the other, but in its typical form, it is 
well distinguished from both by being more sandy and by containing nodular carbonate of 
lime or kankar. 

The age of this alluvial deposit is shown by its surface having been modified and 
rendered uneven by the action of rain and streams ; so that the country composed of it is 
more or less undulating. 

Whether this formation, or any portion of it, is of marine origin is a question hitherto 
undetermined. So far as it has been yet examined, it appears in Orissa to be unfossiliferous. 
The greater portion has, doubtless, been produced by deposits washed down by streams and 
rivers firom the higher country to the westward, and it appears probable that a portion of 
these have been deposited along the coast. But other deposits have been, in all probability, 
formed upon the original marine beds by the additional accumulations brought down by 
streams and washed by rain from the hills, so that it is questionable whether the lower 
marine beds, which probably exist, are anywhere exposed. 
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5. River delta deposits. 

In the neighbourhood of the great rivers the soil is finer and the country leyel, the 
greater portion of it being yearly overflowed by flood waters and receiving a firesh deposit 
from them, except in places where they are kept from overflow by artificial means. The 
allavium thus formed is generally highly fertile, bat the country is swampy and often 
malarious. As above pointed out, the only character by which this modem alluvium can be 
distinguished is the flatness of its surface, showing that the area occupied by it is one of deposi- 
tion and not of denudation. Usually also, it is less sandy than the older alluvium, and kankar 
is not of frequent occurrence in it, though a thin layer of it often covers deposits of calcareous 
sand and clays, from which the later deposit can, with difficulty, be distinguished. 

8. Blown Sand. 

Along the coast in places, as about Fdil, large tracts of ground are covered with sand 
blown inland from the beach. The nature and origin of the formation are obvious. 

In proceeding to give a sketch of the geological characters of the different districts and 
states of which Orissa is composed, I shall first describe the districts of Balasor, Eat4k and 
Pdri, and subsequently those Tributary Mehab of which any definite information has been 
obtained. 

1. Balasob.— Almost the whole district consists of alluvial deposits. Metamorphics 
occur in the Nilgiri hills, along the western boundary, but they scarcely enter the district 
anywhere, and in no case are found more than a mile or two within the boundary. Laterite, 
frequentiy massive, forms a narrow fringe to the hills in places, but not everywhere. 

A few sand hills skirt the shore in the north -eastern part of the district, and on the 
east of the Siibanrika they extend for three or four miles inland. 

The older alluvium occupies the greater portion of the district, the flat river alluvium 
forming the southern part near the Bytarni, Karswa and Bramini rivers, and a tract in the 
north-east near the Subanrika. Around Balasor itself the soil is rather sandy, and contains 
laterite gravel. Concretionary carbonate of lime (kankar) is widely distributed, especially in 
the western parts of the district. 

KatXe. — ^As in Balasor, the largest part of the district consists of alluvium ; the older 
form, with an undulating snr&ce, occupying, however, a much smaller area proportionally, 
and being confined to the north-western part of the district ; nearly aU of the remainder 
being composed of the flat deltas of the Mahanaddi and Bramini. Along the sea coast 
blown sand generally occurs, but only forms a narrow belt. 

Between the rivers Bramini and Mahanaddi in the Killas of Babamptir, Madpur, Darpan, 
Kalkala, Daljtira and scattered over the country to the east in Pargana Ulti, there are 
numerous hills all more or less isolated, and all composed of gneiss. Along the Bramini, 
near Balrampur, and for some miles to the south-east, the rock is compact and granitoid. 
Further south it is less compact and usually soft from partial disintegration near the surface. 
It is marked with numerous red blotches, the remains of decomposed garnets. This sofl 
decomposed gneiss is sometimes quarried and used for building. The hills in this part 
of the country are most inaccurately represented on the Revenue Survey maps.* 

No laterite occurs around the more eastern hills, but around those in the neighbourhood 
of the road from Calcutta to Katak, there is frequently a narrow fringe, often conglomeratic. 



• ThoM on th© Topographical Survey map« of the Tributary Mehala, on the other hand, are very correctly 
drawn. 
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as if it had been originally a beach deposit, and to the west of the high road to ICat&k 
the metamorphio hills are surrounded in general by broad terrace-like flats, frequently 
stretching from hill to hill, and when they do not do so, affording evidence that the laterite 
is continued beneath the interyening alluvium. This laterite is frequently employed for 
building purposes. 

Pt^Bi. — The southern district of Orissa is much smaller in size than either of the 
others, and yet the extent of hard rocks is larger than in either Kat4k or Balastir. All the 
country near the coast and a broad tract in the north-east of the district are alluvial, but 
the western parts of the area are occupied by laterite, sandstone, and metamorphic rocks. 
There is a very small extent of the older undulating alluvium ; almost all the eastern part 
of the district, and the country extending from the Mahanaddi to the Chilka lake is per- 
fectly flatj and consists of the newer or delta alluvium. Hence its liability to flooding from 
the Mahanaddi, Hills of blown sand extend along the whole coast, and frequently are 
disposed in two or three principal ranges, — the first dose to the shore, the second from 
one to two miles inland, and occasionally there is another still further from the sea. 

The greater portion of Ferganas Domipada and Dandimul, south-west of the town of 
Est&k, consist of the Atgarh sandstone, composed, as already mentioned,- of coarse sandstones 
and conglomerates. To the west these beds appear to rest on the metamorphic rocks, and 
they have a general dip to the east and south-east, at low angles not exceeding 5° or 6°. 
They are surrounded on all sides by laterite and alluvium. At their apparent base to the 
west is a coarse conglbmerate, the pebbles chiefly of quartzite. 

These rocks contain one band at least of white clay, which is largely dug, and used for 
white-washing houses and for other purposes. 

South-west of the sandstone country and west of Khtirda, there is a broad undulating 
plain, partly covered with laterite through which the gneiss rises at intervals. In the extreme 
west of the district around Bolgarh and Goriali, there are two very barren ranges of no 
great height, running east and west, and formed of compact, rather granitoid gneiss. 

From this point, whence the boundary of the district turns to the eastward as far as the 
Chilka lake, only detached hills occur, all of gneiss, with intervening plains of laterite and 
alluvium. The group of hills near Chatarma are of granitoid gneiss, most of the others 
are of gametiferous gneiss with quartzose bands. Such are Ehurda hill and the smaller 
rises in the neighbourhood, and also the hills east of the Kat&k and Ganjam road between 
Bameshwar and Mongl^juri. 

Precisely similar country extends to the west of the Chilka lake. The lake itself is a 
part of the sea first rendered shallow by deposits from the mouths of the Mahanaddi and 
from silt carried up the bay round the hills near Gbnjam by the violent southerly winds of 
the monsoon, and then entirely cut off by a spit, formed, by the same agency, of sand drifted 
along the coast. Near the south-western extremity of this spit there is a considerable 
deposit of estuarine shells, at a height of 20 to 30 feet above the present flood level of the 
Chilka. The shells found, Cytherea casta and Area ffranosa, have not been observed living 
in the Chilka, and both are estuarine species, not occurring in the sea itself, but the former 
is now abundant in the estuary connecting the lake with the sea. This deposit appears to 
afford evidence of a recent elevation of the land. 

There can be but little doubt that the Chilka is gpradually dimhiiBhing in size and in 
depth, but as it receives no streams of importance, the quantity of water charged with 
sediment poured into it is small, and its rate of decrease is probably very slow. Its fauna 
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is peculiar, and deserves more attention than it has hitherto received* Indeed, the whole 
estaarine fauna of the Indian haokwaters and deltas has been but imperfectly worked out» 
and further information is extremely desirable, of the mollusca above all, for the illustration 
of the fossils of the many deposits which have doubtless accumulated under very similar 
circumstances in past times. 

TMbutary Mekals, 

Of the geology of the following states : — 



Bodamba. 
Tigerea. 



Moharbanj. 
Pal Lahara. 
Nursingpur. 

lying north of the Mahanaddi, and of all the states south of the Mahanaddi river, except 
Banki, viz, : — 



Nyagarh. 
Banapiir. 



Boad. 
Daspala. 
Kandapada. 
nothing whatever, definite, is known. 

It is pretty certain that a large proportion of their area consists of metamorphic rocks, 
and it is possible that no others may be found. 

Of Keunjiir and Nilgiri, only the edges bordering on the Balasor district have been 
examined. Hurdole has been traversed, portions of Denkinal and Atmallik have been examined, 
whilst of Ongul, Talchir and the little estates of Atgarh . and Banki, a somewhat more 
general survey has been made, still however far from complete or detailed. 

NUgiri and Keunjur. — The hills bordering on Balasor consist entirely of metamorphic 
rooks of various kinds. ' In the northern part of the range gneiss is found, so granitic that 
the direction of the foliation can scarcely be ascertained. It appears to be nearly parallel 
with the escarpment of the range. 

Granite veins are scarce, but green-stone dykes or pseudo dykes, many of them of great 
size, abound, and most of them, if not all, appear to be parallel with the gneissic foliation. 
This fact renders it probable that the dykes in question are really beds so altered as to be 
perfectly crystalline. 

A kind of magnesian rocks, intermediate in composition between potstone and ser- 
pentine, approaching the former in appearance but less greasy in texture, is quarried to some 
extent chiefly for the manufacture of stone dishes, plates and bowls. These stones aro 
roughly cut into shape in the quarry, and finished partly with tools, partly on a lathe in the 
villages. The rock employed occurs, interfoliated with the gneiss, in several places, and is 
quarried at the villages of Santragodia and Gnjadiha, a few miles south of Nilgiri« at a 
spot two or three miles from Jligjdri, and in scattered localities to the north-west. 

A few miles west-south-west of Jiigjdri, near Parkpada, the granitoid rocks are replaced 
by a tough, hard, indistinctly crystalline, homblendic rock resembling diorite, but exhibiting 
more foliation than is seen in the hills near Nilgiri. Still further to the south-west, quarts 
sch4st comes in, well foliated, occasionally containing talc A detached hill near Bakiptir 
consists of this rock, and so does the whole south-west portion of the range as &r as Bugadi, 
except in the immediate neighbourhood of the Salandi Naddi, where it leaves the hills. Hera 
syenite occurs, and the same forms a detached hill near Darapur. The south-western portion 
of the range is free from the trap dykes, which ^re so conspicuous in the north-east of 
Jugjuri. 

All the western portions of Keunjdr are unexplored. 
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TALCHfi^ Ono<5l, and Atmallik,— TA^ Tdlckir Coalfield, — These states compriBe 
by far the most interestiiig geological area in Orbsa and its dependencies. The basin of 
sedimentary rocks known as the T&lch(r coal-field is surrounded on all sides by metamorphics. 
This basin extends about 70 miles from west by north to east by south, with a general breadth 
of from 15 to ^ miles, its eastern extremity at Karakprasad on the Bramiui river being 
nearly 60 miles north-west of Katak.town. Its western limit is not far from Rimptir in 
the state Baddkol, and it comprises nearly the whole of Tdlchir and a considerable portion of 
Ongdl and B&dikol, with smaller parts of Bamda, Atmallik, and Denkinal. 

The western half of this field, or more than half, is chiefly occupied by the rocks already 
described as belonging to the M&h4d^7& group ;* conglomerates and coarse sandstones, which 
form hills of considerable height in a very wild, jungly, and thinly inhabited oonntiy. It is 
by no means improbable that the Damuda coal-beariog rocks will hereafter be found in 
portions of this area. Indeed, they have been observed at the village of Patrapada. 

In the extreme west of the field T&lohir beds occur in the upper part of a valley tribu- 
tary to the Tikaria near Deincha, and also near the village of B4mpdr in B4d&koL In both 
eases M&h&d^v& rocks appear to rest directly on them without the intervention of any 
Damtidas. 

Besides occupying the western part of the field, the M4h&d^vas are found in two places 
along the northern boundary, which is formed by a fault of considerable dimensions. One of 
these places is near the villages of Bodabema and Dereng, where the upper beds occur as 
a narrow belt five or six miles firom east to west» their presence being marked by low hills of 
a hard conglomerate. Farther to the west^ they recur in another isolated patch forming the 
rise caUed Konjiri hill and its neighbourhood. This hill consists of sandstone capped by 
conglomerate, the pebbles from which weather out and cover the sides of the hill, concealing 
the sandstone beneath. 

The northern part of the field on which these outliers of the M4h&d^v4s occur is much 
cut up by &ults, or, to speak more correctly, by branches of one great fault. These faults are 
in some places marked by a quartzose breccia, containing fragments of sandstone and other 
rocks. The vein of breccia varies in breadth ; at the village of Eerjang, it is so largely 
developed that it forms a hill of considerable height. Between the branches of the fault 
Talchir beds and metamorphics occur; north of all the faults metamorphics only are 
found. 

The eastern part of the field firom near Eerjang on the Tikaria river and Eoukurai on 
the Tengria to east of the Bramini is principally composed of Damuda rocks. These may 
usually be recognised by the occasional occurrence of. blue and black shales, the latter carbo- 
naceous and sometimes containing coal. The general section of the beds, so fietr as could be 
made out in a difficult country much obscured by surfiEuse days and jungle, is as follows :— 

1. — Interstratifications of blue and black shale, often very micaceous, with ironstone 
and coarse felspathic sandstone. These are at least 1,500 fiset thick. 

2. — Carbonaceous shale and coal, about 150 feet. 

3* — Shales and coarse sandstones, the latter prevailing towards the base ; thickness 
doubtful, but not less than 100 feet 



* At the period when the Tilohlr ooaHleld wm examined, nothing whatever wae known of the claMifleation of 
roeks which has iinee been made out by the Geological Sarrey in the Tarioua ooal-fieldi of India. Indeed, one of 
the very flint and moit important distinctions, that of the TticUr group below the ooal-bearing diriaion, waa made 
in thia region, as already mentioned. The bonndaries of the MOidtfr^ and DamAdaa on the map in the Memoirs, 
Geologleal Surrey of India is merely a nmgh approximation made from memory after quitting the field. The 
dilbTenees of the rocks had been noted in the field, but their area had not been mapped. 
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If this be correct, the coal only occurs upon one horizon. It is by no memiB impossible, 
however, that other beds may be found. 

Coal is known to be exposed in three places. The most westwardly of these is at 
Patrapada in Ongul, a village on the Medulia Jor, a tributary of the Ouli river. Here some 
six feet of carbonaceous shale and coal are seen in the bank of the stream, capped by clay, 
upon which rest the coarse grits of the M4h£d^v4 group. The area occupied by the beds 
is small. 

The next place, which is far better known, is at Gropalprasad in Talchir, on the Tengria 
river. The rocks at this spot are nearly horizontal for a long distance, and the coal bed 
extends for some miles along the banks of the stream above the village. It also recurs 
lower down the stream. The thickness of the bed is considerable, but its quality inferior, 
the greater portion being excessively shaley and impure. Selected specimens contain upwards 
of 30 per cent, of ash. It by no means follows, however, that better coal may not be found, 
and even the inferior fuel would be useful for many purposes if any local demand existed, and 
from the horizontality of the bed a large quantity might be procured with very little labour. 
The general dip in the neighbourhood is to the north, and any attempts at working the coal 
on a large scale, or further exploration by boring, should be made north of the Tengria 
stream. 

The third locality is in a small nalla running into the Bramini from the west just north 
of the town of T&lchir. Beds lower than the coal are seen in the bank of the Bramini at the 
Kajah's residence ; the carbonaceous shale with coal is exposed about 400 yards from the river 
in the small watercourse ; only two or three feet are visible, the dip is north-west, and the 
coal is covered by micaceous, sandy and shaley beds. A boring north-west of this spot would 
test the bed fairly. 

There is another locality in which, if the section can be trusted, beds just above the coal 
shales in position are exposed at the surface, and where, consequently, a boring might very 
possibly penetrate them. This is at the village of Eonkurapal in Ongul.* It is by no 
means certain that the Gopalprasad shales are close to the surface here, but the spot is the 
summit of an anticlinal, and some black shale seen in the stream resembles the uppermost 
portion of the rocks of Gopalprasad. 

It is highly probable that closer search will show other places where coal is exposed at 
the surface. 

The south-eaRtem part of the field consists of Talchir beds, in which boulders are only 
occasionally found towards the base. They are numerous near the village of Porongo. 
Above the silt bed containing the boulders, there is a fine sandstone frequently containing 
grains of undecomposed felspar. There is no chance of coal being found in this portion of the 
basin, that is, south of a line drawn from east by north to west by south running about two 
miles south of T41ch(r. 

In several places in the T&lch£r field iron is worked. The ore varies ; sometimes the 
ironstones of the Damuda beds are used, but more frequently surface concretions, the supply 
of which is necessarily limited ; sometimes the little pisolitic nodules of the laterite are found 
washed from their matrix and deposited in sufficient quantities in alluvial formations to be 
worth collecting. In one instance noticed, the ore was derived from the metamorphic rooks 



* Not war Ong<iil (that is, not near the town so called.) as mieprinted in Memoirs, Geological Survey of India, 
I, p. 81. The Tillage is abont 10 milee north-west of Gopalprasad. 

ilToitf.— The foregoing sketch of the Geology of Orissa was prepared for nse in the proposed general Qanttesr 
of India, now in course of preparation, under the direction of W. W. Hunter, LL. D. 
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and brought from a distant locality ; it Tesembled the mixture of peroxide of iron and quartz 
found at the outcrop of metallic lodes and known as ' Gossan' in Cornwall. The method of 
smelting the iron in small furnaces is similar to that used in other parts of India, but 
the bellows employed are worked with the foot, a peculiarity only found in the south-western 
dependencies of fiengal and in Orissa. An account of the process with figures by my brother, 
Mr. H. F. Hanford, will be found in Dr. Percy's Metallurgy of Iron and Steel, p. 261. 

The arenaoeous ironstones of the Damuda group would, doubtless, yield a large supply 
of ore. 

DsKKiVAL and Hikdolb. — ^These require scarcely any notice. So &r as is known, they 
consist of metamorphic rocks, except the western extremity of the first named State which 
comprised the eastern end of the T41chfr basin. The metamorphic rocks are of the usual 
descriptions. 

Atgabh. — The northern and western parts of this State consist of metamorphic rocks. 
Along the Mahanaddi from near Eat&k to the boundary of the state within three or four miles 
of the village of Tigeria, there is ft belt four or five miles broad of the same '' E[at4k" sand- 
stones as are seen south of the Mahanaddi in the Pun district, being in fact a poiiion of the 
same basin. The rocks are precisely similar ^coarse sandstones and conglomerates with 
one or more bands of white clay. 

Banki. — ^West of the sandstone area in the Pdri district there is a broad expanse of 
alluvinm running for a considerable distance to the southward from the Mahanaddi ; west of 
this again metamorphic rocks occur. There is a fine semicircle of detached hills running from 
Bankigarh to the Tillage of Bydesar. The hills are partly of gametiferous gneiss, partly 
of compact hornblendic gneiss. Banki Peak is of very quartzose gneiss. The strike varies 
in a peculiar manner, being very irregular, but with a general tendency in all the hills to dip 
towards the centre of the semicircle. South of the hiUs is a large undulating plain partly 
oovered with laterite. 

W. T. BLANFORD. 

NOTS8 ON A NXW COAL-FIBLD IN THB SOUTH-BASTBBK FABT OF THB HtDBABAD (DbCCAK)' 

Tbbbitobt, hy William Kino, B. A., Deputy SuperitUendent, Geological Survey qf 
India, 

In the regular course of my work I have found a further small and hitherto unknown 
outlier of coal-bearing rocks, some thirty miles south-east of the Eamiram or Fangady 
Yagn field already described in these records.* 

The present field is situated between about 17^ W — 17° 4f:f north latitude, and 
80" IS*— 80° 26' east longitude, near the villages of Rumpaid, YellindaUapad,t Hooserakapully, 
and B.agabonagoodium, in the eastern part of the Eundyconda talook. Its southern 
extremity is about four or five miles east of the large village of Singareny, and it may be 
as well to give this name to the field. * 

It is a narrow irregular patch of the ' plant-bearing series' of rocks, about eleven miles 
long and &om one to two miles in width, giving an area of about nineteen square miles, though 
at the same time the coal measures are only supposably about eight square miles in extent. 



• Beooxdfl, Geological Sorrey of India, Vol. V, Part 8, p.iSi 

t TeUfaidallapad ii nearest to the oaterop of ooal seam ; but it is deserted at present (Maroh I87S). KoUspoot 
and Cheadamnlla (Sodamilla), a conple of miles to the east, are larger Tillages. 
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As the crow flies, it is about twenty-three miles north-north-east of the town of Khum- 
mnmet,* and thirty-six miles east of Il'ellycadr, the tahsil village of Eondyconda talook. 

As &r as my knowledge goes, coal is only yisible at one spot, and it is possibly only due 
to the fact of the country being so dried up this year, and the exceptional lowness of the 
water in the few stream pools, that I was able at last, after long and apparently hopeless 
searching, to find the upper edge of a seam showing just above the mud and water in one 
of these pools.f For this reason also is accountable the £ict» that the people argund had no 
idea of the existence of coal. 

Even though the seam had not eventually been met with, I should have announced this 
as a possible coal-field, and recommended that it should be proved by boring, for the rocks 
were to my mind clearly of the coal-bearing series. 

I am unable to give now the thickness of the seam, for neither time nor means for 
excavation were at my disposal ; but there are two feet of ooal ascertainable, and it looks a 
good strong decided seam. 

The coal, so fiir, is tolerably lights compact, charged slightly with patches of powdery 
charcoal, is more or less bright, and breaks with a sub-conchoidal firacture. In an open fire, 
after being well dried in the sun, it bums brightly, though not quite bo brightly as that of 
the Pangady Vagu field, and leaves a soft powdery ash. J A fiur average specimen gives the 
following assay— 

xIxM Cftrboo .•. ..• ... ..I ••• ••• 6**4 

Yolfttlle nsfttter ... ... ... ... ... ... tt*6 

(Moifltnre 6*0 J. 

Am ■■• •■« ••• ••■ ■•■ ••• ••• ao w 

vnfro 

The specimen is however only from a few inches within the exposed sui&oe of the seam. 

Owing to the absence, or concealed state, of the outcrops of coal it is utterly impossi- 
ble as yet to say what its extent may be, and this cannot be ascertained until borings have 
been put down in various parts of the field. The positions of the different series of rocks 
can only be indicated, as also the fact that there is coal. 

A small map§ is appended, showing the general outline of the field and the rock series. 
Absolute correctness of boundaiy could not be attempted in this map ; but the lines will be 
found sufficiently correct for future exploration. 

This is essentially a field requiring examination by borings, which may be put down at some 
of the spots which are suggested on the map. In the Pangady Vagu field the outcrop of 
coal is so freely exposed that ' he who runs may read ' it ; but here, in the Singareny field, 
the mineral wealth is not at all so evident, though if it exist in any quantity, which 1 am 
inclined to think it does, it is to be got at and carried out infinitely easier in every way than 
at the Pangady Vagu. 

• This name hu been Tftriouly gives, bat the above leemi the nearest adaptation to ^a^^^ ^C whieh 

la the official manner of speUing it. It is distinctly not KwrnarmH ; the spelling in the atlas map is very fUr. 

t It is possible therefore that the seam may not be Tisible to ftitare explorers ; bat I showed it to two of the 
people of KolI^>oor, who can easily point oat the spot. 

X In this, very different to the Pangady Yaga coal, the ash of whieh is hard and nteins the form of the 

original fragments. 

S The sonthem extremity of the field is left andefined, as I am not qaite sore that it does not extend farther 
■onth. Lateness of the seuon and absence of water prerented my continaing the aorrey among the low hills in 
this direction. 
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Heie, tiiere is no hilly oountry to be got over, the locality being in the low coxmtrj ; 
i^iile there is not nearly soch thick jungle, though the field is completely covered by thin 
tree finest. The villages are somewhat more frequent and populous, and there are well 
marked paths in several directions. The distances also to the coal from Khummnmet and 
Knndyoonda are trifling when viewed in connexion with the proposed branch Une* of Bail- 
way £rom Warrungul south-eastwards to the confines of the British Territory. 

It is difiScult to indicate the exact place of the coal outcrop, owing to the inability of 
obtaining a sight at any place through the jungle : but it is about two miles, or scarcely 
this, due west of the small hill station marked on the atlas Sheet 75, near the villages of 
Cheedamulla (Sodamilla) and Eollapoor, in the bed of the Yellindallapad vagu or stream. 
At this place, the stream is crossed by two low barriers of thick bedded sandstone striking 
nearly east to west with a dip of about 6** to the south, though the more northerly of the two 
barriers is part of a low anticlinal with the beds on its northern edge dipping north. The 
stream has cut an irregular zig-zag course, partly pot-hole and part gully, across this 
latter barrier, with rudely vertical sides of from four to thirteen feet high. The guUy is 
deepest in the middle, deeper than at either the entrance or exit, and here the sandstones have 
been scoored out sufficiently to leave the top of the coal seam exposed all round the edges of 
an oblong pool, the floor of which is also of coal. It is thus that the thickness of the coal 
cannot be ascertained without boring or sinking a pit. 

About two feet of coal are visible, and the seam is overlaid by, at the deepest part of 
the gully, thirteen feet of sandstone in one bed. There is no passage by shales, or clays, 
from coal to massive sandstone above, the junction between the two being perfectly clear and 
sharp. The rock is a coarse friable felspathic sandstone with small quartz pebbles, or gravel 
of pebbles thinly distributed through it. At the thickest, there is a single bed, but this even- 
tually resolves itself into two or three thinner beds. This is the character of these sand- 
stones on the Pangady Vagu as well as here ; that they do not run of an even thickness for 
any distance, but that there are as it were bands of irregular lenticular beds of sandstone 
running into one another. 

The general lie of the 'Dkv.t'Dk beds, as well as of the other associated rocks, is in easy 
undulations and from east to west, with somewhat of a general basin form ; but they appear 
to be only exposed to any extent on the Yellindallapad Vi^n^ Over the rest of the field, if 
they exist, they are covered by sandstones of the Kamthi sub-group, though seldom to any 
great depth, possibly not exceeding two hundred feet at the most in the southern part of the 
field. In the northern half of the field, it does not appear as if any boring would have to 
exceed one hundred feet. 

The rock series exposed in this Singareny field are, in descending order :-^ 

KemUkit sub-group. 
DamI^dAs (coal measures).' 
Talchibs. 

VlKDHTAHS. 

Cbtstallinss (Gneiss, ^.), 

Kamihis and DXHt^DAS rest directly on the Gnbiss for a good part of the eastern edge of 
tilie field. No Talchibs are seen here, nor do I think they exist. Bound the rest of the 
field, except for a mile or so to the east of Singareny, the underlying rocks are YiirDHYAir. 

* Pkrt of a i^fltem of railway proposed by Mr. T. M. Hardy Johnston, M. Inst C. E^ Secretary to Hla 
Hifkaen the Niaaa'i D. P. W., in a Memo, addreeied to Sir Salar Jang Bahador, e. c. s. l, dated Jnly 1871. 
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The Talchibs are peculiar in occupying only the northern part of the field about Hum- 
paid, in the basin of whose main stream they are well seen forming good wide spreads of fine 
dirty yellowish green-gprey (doe-skin- glove colored) mud sandstones. There are no signs of 
volcanic associations here, as is the case on the Pangady Vagu; nor is there any well- 
developed boulder bed. Here and there are occasional large pebbles or small assemblages of 
such ; and in one spot in the bed of the stream from Mankarum, ibc., which is joined by tbe 
Bnmpaid stream, there is a huge block (now broken in half) of from 10 to 15 feet in 
diameter of Yindhtan quartzite, which seems to be still almost in situ. 

The Talchibs are distinctly overlapped by the next higher or coal-bearing series, and to 
such an extent both here and in the valley of the Godavery, that the two series would 
appear to be separated by a greater interval than mere unconformity of overlap would indi- 
cate. Otherwise, it is extremely difficult to my mind to account for such widely separated 
patches of a formation which always exhibits great uniformity of color and materials. 

In the present field, I was not fortunate enough to find a section showing contact 
between the two series, bat in my notes referring to the Pangady field the fact of unconfor- 
mity is there stated. In that section, though a small one, the bottom sands of the Babakabs 
are lying on bluntly-bevilled edges of mud sands of the Talchibs : the difference of angle 
being very little it is true, but there is still a difference. 

It is to be remembered that the worn edges of the Talchibs (even now soft and 
friable mud-sands) would very likely, prior to the deposition of the Babaeabs, not be sharp 
and well defined, but rounded and somewhat fringed down ; and the angle of dip not being 
much different from that of the newer rocks, their felspathic sandstones would, in general* 
lie over the sandy mud-stones more in the style of oblique lamination ; and this is really 
Bomewbat the manner of the Pangady Vagu section, though there is, as I have written, the 
difference in lie of the beds themselves. 

The DXMt^DXs and Kamthis are of the usual kinds, viz. /—coarse and fine felspathio 
sandstones, the Kamthis being coarser, more open textured, more ferruginous, and perhaps 
more gravelly. It is difficult, in the absence of any fossil evidence and fiivorable sections to 
draw any well defined boundaxy between these two series, though in general facies they are 
as distinct as possible, while at the same time they appear to be very distinct in age. It 
seemed to me that the passage between the two is marked by a set of thinner and somewhat 
closer-g^ned and compacter-brown sandstones coated on the surface with brown peroxide 
of iron, and that these are the lower beds of the Kamthis. On such a view, I have entered 
the two series in the accompanying map. 

The hill station already referred to is of Kamthis ; though, on the eastern side, and for 
some distance on the north and south, the base of the hill is of CBTSTALLiinss. On the 
western side, one descends from coarse sandstones having a dip of about 10" west by north 
gradually to what are unmistakeable Babaeabs, but whether these are continuous right 
under the hill between the Kamthis and Gneiss, it is as yet impossible to say owing to the 
talus of debris all round. 

. From the hill there is a general easy undulation of Babaeab sandstones nearly to the 
crossing of the Yellindallapad Vagu by the path from Singareny to the latter village ; but 
just to the east of this path there are some low ridges of the compact ferruginous sandstones, 
which I take to be lower Kamthis, These are lying in a set of narrow undulationfl witii a 
north — south strike ; and at the crdssing of the stream or va^gu they are dipping east-south- 
east at from 20"^ to 30". 

The stratigraphic relations between the Kamthis and J>kutj>iA in this part of the 
country are also indicative of the latter being distinctly overkpped by the former ; and that 
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tke Dam^dXs were either only deposited in small detached areas, or were largely denuded 
prior to the deposition of the Kamthis, 

In the present case the beds of the hill station do not seem to be underlaid for the whole 
of this floor, but to have oyerlapped the DXictJDiCs to the eastward ; and on this account 
it is to be feared that the eocU measures will not be found constant throughout the field. 

There are two other small outlying hill masses of Kamthis, a few miles to the north-east 
of the Singareny field, which are in general character exactly like the hill station, or of a 
steep-sided plateau form, and made up of nearly horizontal beds. One of these is above 
or immediately north of Dharmapooram ; and the second further north-east between 
Kamaram and Anantarum. A couple of miles further east, is the south-western edge of 
the main area of KafiUhis, Now, there are no signs of Dkutnks under this south-west 
edge ; nor are there any under the second of the two outliers mentioned. There are, however, 
grey and pale buff sandstones at Dharmapooram underlying the hill of Kamthis, possibly 
Diunddis, though I saw no trace of coal ; and it might be as well to examine these rocks 
by boring.* 

In the southern part of the field, the Kamthis are very strong, particularly on the 
eastern edge after the stream from the Eollapoor tank is crossed. Here they form some low 
ridges, and have a dip of 20** or 30'' westward. The country is, however, so covered up by 
day and sandy deposits and jungle that it is difficult to make out the lie from these ridges to 
the western edges of the field opposite Singareny ; or to tell if any undulation brings 
DkitV'Dk beds up to within easy reach of tbe surface. Some of the beds on the western edge 
opposite Singareny in the valley of the stream from Eollapoor, Ac, seemed to be DkutnL 
sandstones. Borings should be put down right across this part of the field, and certainly ; 
below the eastern slopes of the ridges on the eastern edge. 

I have indicated in the map where it would be advisable to put down bore holes. In no 
case does it appear as if these would ever need to be sunk more than 200 feet at the utmost* 
and most of them, particularly in the middle of the field, would seldom exceed 50 feet In 
all cases the borings ought to be sent down to the gneiss (the greater part of the floor of the 
field is possibly of crystalline rocks), except in the neighbourhood of Rampaid, where Talchirs 
will be met with ; or to the Yindhyans (hard quartzite, slates, and siliceous limestones) 
northwards from the Tellindallapad stream, or in the southern end of the field. 



} 



Cakp KHFionrifXT, ") WILLIAM KINO. 

80a March 1872. 



DONATIONS TO MUSEUM. 
Fbou Jujtb 1871 TO Apbil 1872. 

F. R. Rbbd, Esq., Soory. — Specimen of coal from the new workings at Kasta. 

Db. CATLBT.^-Specimens of rocks and fossils from the limestone ridges north of the 

langithang plain. 
Db. Catlbt. — Specimen of rough jade and of a rude stone mortar, small wooden wedges, 

&c., found in the abandoned jade quarries opposite (ralbasha. 
Db. Waaobv. — ^A small rock specimen containing Bozoon Bavarieum from near Regensbuig. 
C. Bbbnabd, Esq., C. P. — ^Left ramus of lower jaw of Bos (sp. P). Franhita River above 

Sironcha. 

* Tb« O«olo(rieal Sarr%j of India have no meMM of boring. 
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MB88B8. Tbbmbllbk & Co., Swansea, per F. R. Mallbt.— A series of specunens illiulzatiiig 

the mannfacture of arsenic. 

Thb Whbjll Tbbiawhy Mikb Co., Cornwall, per P. R. Mallbt.— A series of specimens 

illustrating the washing and dressing of lead ore. 

Thb Phoihix Mihb Co., Cornwall, per F. R. KLlllbt.— A series of spedmens illnstrstiBg 

the washing and dressiiig of tin ore. 

Thb Cabtbdbas Skbltiko Co., Truro, per F. S. Mallbt.—A series ilhistrating the s m elti n g 

of tin. 

Mbssbs. Evans, Abkbn & Co., Birmingham, per F. R. Mallbt. — A series illustrating 

the mannfacture of nickel. 

Mbssbs. YrviAV & Sobb, Swansea, per F. R. Mallbt. — ^A series illustrating the smelting of 

copper. 

Mbssbs. Yiviak & Sons, Swansea, per F. R Mallbt. — A series illustrating the working of 

zinc ore. 

Pbbdlbtoii Alum Co., Manchester, per F. R. Mallbt.-*A series illustrating the nAnu- 

facture of alum. 

Sahubl Nbwbold & Co., Sheffield, per F. R. Mallbt. — ^A series illustrating the manufacture 

of steel. 

Mbssbs. Chancb, Birmingham, per F. R. Mallbt. — ^A sample of glass beginning to pass 

into the crystalline slate. 

Pbnbhtn Slatb Wobks Co., N. Wales, per F. R. Mallbt. — Specimens of sLite and slating 

tools. 

Ctfabtha Iboh Co., Merthyr Tydvil, per F. R. Mallbt. — Specimens of iron and iron ores. 

Blabk Afon Ibok Wobks, Monmouth, per F. R. Mallbt. — Specimens of iron ores and 

limestone used in smelting. 

R. Mallbt, Esq., per F. R. Mallbt. — A series of volcanic specimens from Vesuvius and 

Etna, and of saline mienrals from Stassfurt. 

F. R. Mallbt, Esq. — ^A series illustrating the manufacture of China clay. 

Captain Fbtbb, Moulmein. — Seven specimens of sub-fossil crabs from river bank near 

Tavoy. 

H. WooDWABD, Esq., London. — ^A cast of Eucladia Joknsoni, H. W. 

G. Mawb, Esq., London. — ^A collection of fossils from the Kinmieridge clay. 
Thb Royal Univbbsity, Chbistiana. — ^A specimen of Sparagmit 

Captain Fbtbb, Sandoway. — ^A splendid collection of 33 ancient stone implements, some 

of great size and perfection, from Burmah. 
A fine series of fossil crabs from river bank near Tavoy. 
Specimens of limestone, Septaria^ &e,, from Sandoway. 
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Bailt, W. H.— Figures of Characteristic British Fossils, Part III, (1871,) 8ro., London. 
Brbtsghiteidbb, £.— On tiie knowledge possessed by the ancient Chinese of the Arabs and 

Arabian Colonies and other W estem Colonies, (1871,) 870., 

London. 
CoccHi Idiiro.— Breri Cenni sni Principali Institnti e Comitati Geologid e sal R. Comitato 

Geologico d' Italia, (1871,) 4to., Firenze. 

Gbological Soctbtt of Italt. 
Hbllakd Axuioi.— Ertsforekomster i Scandhordland eg gna Karmeoen, (1871,) Svo., CJhris- 

tiania. Rotal UiriyBBSiTT of Chbistiania. 

Ha HTBB, W. W. — Guide to the Orthography of Indian Proper names, with a list showing the 

true spelling of all post towns and villages in India, (1871,) flsc, 
Calcutta. GoTBBvuBVT OF Ikdu. 

JuKB, J. B. — ^Letters and extracts from the addresses and oocasional writings of J. Beete 

Jukes, (1871,) Svo., London. 

Kjbbvlf, Pbof. Th.— Cm Skaringsmcerker, Gladalfonnationen og Terrasser, (1871,) 4to., 

Christiania. 

Om Trondhjems Stifts (Jeologi, (1871,) 8vo., Christiania. 

Royal UiriTBBsiTr of CHBisnANiA. 
Underscegelse af nogle Knlslags og Torr., (1870,) 8vo., Christiania. 

Royal Ukitbbsitt of Chbistiaka. 
Mabkham, C. — Abstract of the Reports of the Surveys and other G^eographical operations in 

India for 18C9-70, (1871,) 870., London. Ikdia Officb. 

MuiB, J. — Original Sanskrit Texts on the Origin and History of the People of India, Vol. II, 

(1871,) 8vo., London. Govbbitubkt of India. 

PBTrBBflBB, Kabl.— Firofil Gjennem Reisenelyens DaUoBre udover Ulcs og Sjtagen tal Lyn- 

gen^ord, (1868,) 8yo., Christiania. 

Royal Ukiybbsity of Chbisttaitia. 
Phillxfs, Johv.— <}eology of Oxford and the valley of the Thames, (1871,) 8vo., Oxford. 
Sbxb, S. A.— Gletscher-Experimenter, (1870,) 8vo., Christiania. 

Royal Ukivbbsity of CHBiSTiAinA. 
MM Le N^v^ de Just^al ^t ses Glaciers, (1870,) 4to., Chiistiania. Ditto. 

Pbbiodicaijb. 

American Journal of Science and Arts, 3rd Series, 7ol. II, No. 11, (1871,) 8vo., New Haven. 

Amudes des mines, 6th Series, YoL XIX, Liv. 8, (1871,) YoL XX, Liv. 4 and 6, (1871,) 8vo., 

Paris. L'Administb. dbs Miinu. 

AnmJs and Magazine of Natural History, 4th Series, Yol. TUl, No. 48,(1871,) 8vo., London. 

Annals of Indian Administration in the year 1870-71, YoL XY, pt. II, (1871,) 8vo., 

Serampore. Gotbbvxbkt of Ivbu, 

Geological Magazine, Yol. Yin, No. 12, December, (1871,) 8vo., London. 
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Titles qf Books. Donors, 

IndiAn Economist, with Agricultaral Gazette and Statistical Reporter, Vol. Ill, Nos. 6 and 7, 

(1872,) 4to., Bombay. GtoTBBNXBKT of 1st>ijl, 

LsoNHABD, G. WD Gbhtitz, U. B. — ^Neues Jahrbach fur Mineralogie, Geologie, and 

Falsontologie, Jahrgang, 1871, Hefl YIH, (1871,) 8vo., 
Stattgpart. 

LiSGHKB, Db. C. £. — ^Novitates ConchologiciB. Abbildong mid Beschreibmig neuer 

Conchylien. Supplement lY, Japanische Meeres-Conchylien. 
Lieferung 9-12, 4to., Cassel. 

List of Civil Officers holding gazetted appointments under the Government of India, as it 

stood on the 1st July 1871, (1872,) 8vo., Calcutta. 

GOYBBKMBaT OF IVDIA. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series, 

YoL XLU, No. 282, (1871,) 8vo., London. 

Pbtbbuann, Db. A. — Geographisohe Mittheilungen. Band XYII, pt. 11, 1871, 4to.,Gotha. 
„ „ Geographische Mittheilungen, Supplement, No. 30, Australien ia 

1871, (1871,) 4t6., Gotha. 

Tbosohbl, Db. F. H.— Archiv fUr Naturgeschichte, Jahrgang XXXYU, Heft 2, (1871,) 

8yo., Berlin. 

GOVERNMENT SELECTIONS, &c. 

Bbnoal. — Annual Report on the administration of the territories under the Lieutenant 

Governor of Bengal during 1870-71, (1872,) 8vo., Calcutta. 

GOVEBNMBNT OF BbNOAL. 

,, Blanford, H. F. — Report of the Meteorological Reporter to the Government of 

. Bengal, 1870, (1871), flsc, Calcutta. 

GoVBBNXBNT OF BbNOAL. 

Bbitish Bubma. — ^British Burma : General Department (Education;. Report on public 

instruction for 1870-71, (1871,) 8vo., Rangoon. 

ChIBF COUUISSIONEB OF BbITISH BtJBKA. 

General Department (Sanitary). Report on sanitary administration for 
1870, (1872,) 8vo., Rangoon. 

Chief Cohmissionbb of Bbitish Bubma. 

Judicial Department. Report on Criminal and Civil Justice for 1870, 
(1872,) 8vo., Rangoon. 

Chief Commisbiokeb of Bbitibh Bubma. 

Political Department. Report on the administration of Hill Tracts, North- 
em Arakan, 1870-71, (1872,) 8vo., Rangoon. 

Chief Commissionbb of Bbitish Bubma. 

Revenue Department (Excise). Excise Report for 1870-71, (1872,) 8vo., 
Rangoon. Chief Commissiokeb of Bbitish Bubma. 

I5DIA,— Montoombbib, Majob T. G.— General Report on the operations of the Great Trigo- 
nometrical Survey of India during 1870-71, (1871,) flsc., Dehra 
Doon. The Gbbat Tbigonometbical Subvby. 
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« 
Titles qf Books: Donors. 

Mtbobb. — ^Seport on the administration of Mysore for the year 1870-71, (1871,) 870^ 

Bangalore. Chibf Commissiokbb of Mtbobb. 

19^. W. PBOVurcBS. — Beport on the administration of the North- Western Provinces for the 

year 1870-71, (1872,) 8vo., Allahahad. 

GoYBBlfKBNT OF THB N. W. PbOYINGBS. 

Pus JAB.— Beport on the administration of the Ponjab and its Dependencies for the year 

1870-71, (1871,) 8to., Lahore. Gotbbnmbnt of thb Punjab. 

TBANSACTIONS, kc. 

Bbbuv.— Monatshericht der konig. Prenss. Alcademie der Wissenschaftsn zn Berlin, 

November and December, (1871,) 8vo., Berlin. 

BOTAL ACADBKT, BSBLnT. 

Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Vol. XL, Part II, No. 4» 

(1871,) 8vo., Calcutta. Asiatic Society of Bbnoal. 
n Proceedings of the Asiatic Society of Bengal, Nos. XII, XIII, (1871,) and 

Nos. I-in, (1872,) (1871-72,) 8ro., Calcutta. 

Asiatic Socibtt of Bbnoal. 
„ Beoords of the Geological Survey of India, YoL V, Part I, (1872,) 8vo., Calcutta. 

Thb Gbolooical Subvbt. 

Flobbvcx. — ^BoUettino B- Comitate Geologico d' Italia, Nos. 11, 12, (1871,) 8vo., Florence. 

Gbolooical Socibty of Italy. 

London. — ^Philosophical Transactions of the Boyal Society of London, Vol. 161, Part I, 

(1871,) 4to., London. Boyal Socibty, Lokdon. 

Proceedings of the Boyal Society of London, Vol. XX, No. 130l (1872,) 8vo., 

London. Boyal Society, London. 

ToBK.— Commonicatbns to the monthly meetings of the Yorkshire Philosophical Society, 

1870, 8vo., London. Thb Society. 
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KoTS OH Mask AT and Mass an dim on thb east coast of Ababia, hy W. T. Blanfobd» 
A. B. S. M., F. G. S., Deputy Superintendent, Geological Survey of India, 

The rocks of Maskat and of Rds Massandim, (the latter being the bold projecting cape 
which forms the Arabian side of the struts of Hormuz at the entrance to the Persian Gal£) 
Laye already been described by Dr. Carter in his memoir on the geology of the south-east coast 
of Arabia ; the former from personal inspection, the latter from specimens and a description 
fiimished by Lieutenant Constable. In a recent voyage up the Persian Gulf, I had an oppor- 
tunity of visiting both these localities, and the result of my brief examination of them, 
whilst entirely eonfirming Dr. Carter's account, enables me to add a few particulars of 
interest. 

Jfotfita^.— The cove of Maskat, as mentioned by Dr. Carter, is surrounded by dark 
coloured serpentine rocks rising steeply from the water. But here and there stratification or 
foliation is very apparent ; thus, on the west side of the harbour, the rocks have a distinct dip 
to the north at an angle of about 46°. Biding inland from the suburb of Matrah to a distance 
of two or three miles, I found that the serpentine passes gradually into hornblende-schist,* 
and I can only suggest that the rocks of Maskat probably belong to the metamorphic series, 
which is mentioned by Carter as occurring in the form of granite, gneiss, diorite, &c., at 
several places on the south-east coast of Arabia. 

Upon the schists and serpentine rest beds of pale-coloured limestone, with oalcaieous 
sandstones, conglomerate and variegated clays with gypsum, just as described by Carter. 
The conglomerate contains pebbles of limestone, sandstone, quartzite, and a green quartzose 
rock coloured by chlorite. Amongst the limestone pebbles, some of a vezy dark colour 
contain traces of fossils resembling encrinite stems ; these are perhaps derived from rocks 
of the same series as those of Massandim. 

I could find no fossils in the limestones, &c., at the place where I examined them, but 
their appearance is so similar to that of some of the nummulitic rocks of Sind that I 
should have classed them as probably nummulitic, even without the conclusive evidence 
furnished by Captain Newbold.t At the same time it struck me that some greyish overlying 
beds which I had not time to visit, but which are well seen on the coast north-west of 
Maskat, might belong to the newer tertiaries of the Makrin group. % The little island of 
Fahil appears to be of nummulitic limestone. 

Massandim, — The whole of the pfomontory which, jutting out from the Arabian Coast, 
closes in the southern portion of the Persian Gulf appears to consist of stratified dark- 

* It ii donbtlefls a less schiitow form of this rock wliich Dr. Carter cails diorite. 

t Jour. Bombay Br. B. A. 8., Vol. Ill, pt. 1, p. 87. 

t Bee preriooi paper, p. 43, for the meaning of this term. 
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.coloured limestone. I had an opportunity &om the deck of the steamer of seeing the cape 
itself and the little island of Massandim, from which the whole promontory derives the 
name by which it is chiefly known. 

Subsequently in Khor-as-Shem, or Elphinstone Inlet of the old charts, formerly a 
telegraph station of the Persian Qulf Cable, I was enabled to examine the rocks more 
closely. 

They consist of black, brown, dark-grey, and dark -buff limestone, hard, compact, and 
intersected by veins of calcite, with a few comparatively thin and subordinate beds of shale 
and sandstone. These rocks are distinctly stratified, the slight variations in the oolouring 
of the different beds rendering the stratification distinct up to the very summit of the 
huge precipitous mountains which rise from the shores of the inlet. As a rule, the beds 
roll about with a moderate dip not exceeding 20°^ in places there is much disturbance and 
contortion. The thickness of the beds must be very great ; some of the mountains on the 
inlet are said to be 6,000 feet high, and they evidently consist entirely of the dark limestone ; 
indeed no trace of any other rock was to be seen in the neighbourhood. 

Fossils are far from scarce in the limestone, but it is unusually difficult to find any in a 
state in whidh they can be recognised. Sections of shells, both univalves and bivalves, 
fragments of corals, and apparently of encrinites, are to be found in several beds, but it was 
only after much search that I found anything which may possibly be identified. 

These fossils have been submitted to careful examination by Dr. F. Stoliczka, Pal8M)nto- 
logist to the Geological Survey of India, who states : " The limestone contains several 
specimens of a Myophoria, externally very closely resembling M, chenopus, Laube, from 
the St. Cassian beds, and indicating upper triassic strata. This is the only fossil which can 
be even approximately determined. It occurs socially, and together with some casts of 
Gastropoda, resembling Chemnitzia. 

"A few casts of a Pelecypod resemble in shape Anoplophora, also a triassic genus. 
There are two valves of an Exogyra of the shape of the neocomien E, conka. As far as I 
know, this type is unknown in the Trias. 

" A few fragments of a Pecten, undeterminable, occur ; and several fragments of an 
Asteroid coral." 

I suspect that this great limestone-formation must occupy a considerable area in ' Oman ; 
and it is far from improbable that it forms part of the great dark-coloured mountain ranges 
behind Maskat. This is the more probable, because Dr. Carter obtained through Mr. Cole 
of the Indian Navy specimens of similar limestone from the mountains near Ras-el-Had. 

The most remarkable circumstance about the Massandim promontory is its form. The 
inlet I visited, Khor-as-Shem, runs from the Persian Gulf for, I believe, seventeen miles into 
the heart of the hills ; it is about 17 to 20 fathoms deep throughout, and in many places even 
close up to the rocks on each side. It is only separated by a belt of land less than a mile 
broad from another inlet called Ghubet Ghdzirah (Malcolm's Inlet of the old chai-ts), which 
enters from the eastern side of the promontoiy in the Gulf of 'Om4n, and which is still 
deeper. Other inlets occur, all very deep, and immediately off the rocky coast is the deepest 
part of the Persian Gulf. There is a curious reseipblance of these inlets to the fiords of 
Norway, but the latter are undoubtedly of glacial ongin, whilst no such cause can be 
suggested in one of the very hottest regions of the whole surface of the globe. The sea 
could never excavate such land-locked basins as that of Khor-as-Shem, barely a mile across 
in places and 20 fathoms deep. I can only suppose that the peculiar form of this coast is the 
result of subsidence, that the inlets were valleys on the land produced in the usual manner 
by rain and streams and then sunk beneath the sea. The great depth of the Gulf of ' Oman 
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off Maskat (2,000 ikthoms) maj point to a general and long continued subsidence along 
this coast, and, if so, it is carious to contrast it with the evidence of comparatively recent 
elevation on the opposite shores of Persia as noticed in a previous paper. 

Caxp Gwadab, Biluchistan ; 7 
January f 1872. i 



Ajr bzjlmflb of local jointing, by H. B. Meblicott, M. A., F. G. S., Deputy Superin- 
tendent, Geological Survey of India, 

Within the cantonments of Jabalpur, south of the civil station and of the city, there 
is a small group of hillocks, or steep bare rock-masses, about fifty feet in height. The whole, 
stand within an area of nearly one hundred and fifty acres, of which the protruding rock 
occupies about two-thirds, in three principal masses. They are locally known as the 
Kattungi quarries ; the sandstone being much valued and extensively worked for building 
stone. Its use for this purpose is greatly facilitated by the very perfect jointing by which 
the rock is traversed. The unique character of this feature in the great formation to which, 
the sandstone belongs, and the peculiar petrographical circumstances of the rock in this 
locality, give some interest to the case as suggesting definite conditions to which the jointing 
is due. There is nothing new in the main cause thus educed, but so well-marked an instance 
of local action, or of secondary influences, may be worth recording. 

The sandstone belongs to an upper member of a great series of rocks representing a 
weU-defined period in the geology of India, beginning with the glacial deposits of the 
Talchir group, upon which rest the coal-measures, and ending with various groups hitherto 
included under the name M4h4d^va. These strata, as a whole, are but partially indurated 
and only slightly disturbed. Jabalpdr stands upon a boundary of the formation running con- 
tinuously for 350 miles in an east-30°- north direction, along the valleys of the Narbad4 
and the S6n. In this neighbourhood the massive sandstones, irregularly associated with 
pale shaly clays, are even sofler than usual, weathering with well rounded outcrops and 
an undulating surface. It is difficult at first sight to believe that the sharply edged, clifled 
zocks of the Kattungd hillocks can belong to the same formation. Looked at from the north-* 
north-west or the south-south-east they would be taken for well-bedded vertical quartzites. 

In the annexed diagram (Fig. 1) a number (56) of observed bearings of the joint-planes 
are tabulated. Excluding only seven bearings, all in the north-east quadrant, the remainder 
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Fig. 1.— Diagram showing bearings of joints in the sandstone of Kattongi, Jabalptir. 
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can be distribated into three groups. The numberB of obeervations in the two qnadrants 
lespeotiyely do not at all represent the relative importance ' of the groaps. The group C 
predominates greatly, dividing the whole rook-mass into cleanly separated rertical layers 
of from six inches to three and four feet in thickness. About an equal number of the croas- 
joints in the nortb-east quadrant were taken in order to obtain fair averages of their bearings 
among themselves. These cross-joints are much less regular than the main joints, often 
leaving unbroken spaces of thirty and forty feet : the planes, too, are less continuous, and 
firequently have a considerable underlie. 

It will be seen from the table that the three groups present a Tcry satisfactory 
illustration of Professor Haughton's explanation of joint-systems,* which assigns definite 
mechanical relations between the directions of the joint-planes traversing any mass of 
strata and those of the compressing forces that have affected them. The Primary system, 
-generally the predominating one, following Sharpe's law of cleavage, occurs at rigbt angles 
to the main compressing force. The second system is determined at right angles to the 
Pnmaiy, and therefore at right angles to the direction of least compression, from which 
relation to the Primary it is called the Conjugate system. Other four systems, (respectively 
conjugate to each other) may be determined, related to the two main systems by the limiting 
angle of fiietion of the rock. There is no difficulty, for the case under notice, in assigning the 
direction of the compressing forces by which the rocks have been affected, and thus obtaining 
the key to the induced rock-structure. Although, as a whole, these formations lie in their 
original position of deposition, there are many instances of even intense disturbance near the 
boundaries of the basin, where much of the compressing forces seems to have been expended, 
the yielding masses of the newer sedimentary deposits being here in contact with highly 
consolidated metamorphic rocks. The flexures of the strata thus produced observe a veiy 
general parallelism to these boundaries. As already mentioned, the boundary upon which 
Jabalpdr is situated has a very steady general bearing of about east-SO^-north. In thia 
inmiediate neighbourhood there is a single case of disturbance, and it conforms to the 
rule just indicated : at about half a mile to the south-east of the quarries there is a ridge 
formed of strata of the same formation dipping at 30° to south-35°-east. The direction of 
the compressing force being thus fixed, it is evident that the A group of joints, at right 
angles to that direction, represents very closely the Primary system; its mean bearing 
being 28°30' north of east. The group C, which is here the dominant one, then takes its 
place as the Conjugate system to A. Its mean range in the diagram is 23° SO' west of nortib, 
giving only 86° between it and A ; but this might evidently be brought much nearer to the 
normal by slightly limiting the range of the group to where the readings are concentrated. 
The group A would come in as a Secondary system to A^ the angle between them being 
22° 30*. Interpreted from this point of view, it would seem that the direction of the main 
joints C was determined at right angles to that of least compression. 

"What it is chiefly desired to exhibit in this example is the conditions which seem to 
have produced so very local a peculiarity. It may, I think, be presumed that the power 
concerned was the shrinkage upon induration— a familiar agency in such phenomena ; but it 
seems to have been seconded in an essential manner by local conditions, such as the texture, 
the homogeneity, the thickness, of these masses, or by their position upon a more rigid base. 
These determining secondary causes are, at least, suggested by the comparison of the 
Kattunga locality with others in the neighbourhood, where the induration is quite as great 
without similar jointing. Several such cases may be seen on the open ground to the east 
of the station, where there are a few scattered rocky hillocks, of about an acre in extent, 
formed of hard sandstone of the same age as the K^attunga rock, but without regular 
jointing. 



* Phil. Trans, for 185S and 1SG4. 
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Hie Kattii]ig4 sandstone is of moderately ooarae texture. Although the stone is firm, the 
binding ingredient is in small proportion; there is a sprinkling of white claj, but not 
«nfficient to fill the interstices of the grains ; the stone thus remains a freestone, dressing 
well nnder the chiseL From a cursory examination made by Mr. Tween, the cement would 
seem to be a slight infusion of silica ; it is unaffected by ordinary solyents. The stone of 
the other hills is somewhat finer in grain, with a full proportion of matrix, which, under the 
indurating action, assumes a poroellanio state. This highest induration seems confined to 
the parts along the few irregular joints that occur, but in the interior of the rough masses 
the stone is still quite as hard as that of Kattimg^. 

From top to base of the Kattung4 hills there is no sign of bedding. The lamination 
18, however, betrayed by slight variations in texture, showing the original lie of the rock and 
its undisturbed horizontality. There is no such massive bedding in the sandstone of the 
other hills ; even shaly partings are not unfrequent. 

Such differences of texture, structure, and homogeneity might go far to explain the 
exceptional feature in the Kattung4 rock ; but there is a peculiarity in its position that is 
worthy of notice in this connection. The main area of the formation lies to the south-south- 
east ; and in the low ground to the north of the quarries the soft sandstones and shales ar^ 
again found in well-sections under the alluvium ; but at a short distance to the west there 
is a range of granite-hills, on the continuation of which, prolongations and inliers of the 
granite weather out for some distance in the low ground close to the south of the quarry- 
hills. Thus it seems highly probable that the sandstone here is throughout underlaid almost 
immediately by the granite. At one spot this is fully seen, where a small promontory of 
sandstone crosses to the west of the city-branch of the Nfigptir road, and rests upon a 
knoD of granite. Directly coating the unevep surface of the granite there is here seen a 
variable bed of coarse arkose, now in a rusty and firiable' state ; its surface is conglomeritic. 
Upon this rests a two-feet bed of a very peculiar rock — a coarse mixed sandstone with an 
excess of earthy matrix in a highly indurated, porcellanic, condition ; the whole shivered 
into most irregular blocks. This same qnartzite is very extensively found along the base 
of the formation as a contact-rock ; but it also occurs near the boundary between soft earthy 
beds. In the section under notice it is immediately overlaid by a remnant, some fifteen feet 
thick, of the highly jointed sandstone. The hard but unjointed sandstone of the other locali- 
ties rests upon a considerable thickness of the unconsolidated sedimentaries. May it not 
be that the shrinkage in the latter cases was satisfied to some extent by external yielding ; 
whereas in the Kattung& rock it had all to be accounted for within the mass P 

Although there is much reason to believe that the directions of i^ese Joint-systems 
were determined in accordance with the law expounded by Professor Hanghton, it is neces- 
sary to suppose that even the Primary joints were here developed fipom a latent state by 
the same conditions that produced the main jointing, the compressing- force not having 
been sufficient directly to complete this cleavage-jointing. 

20M May, 1872. H. B. MEDLIOOTT. 

A FEW ADDITIONAL BBMABE8 ON THB AXIAL 0B0T7F OF WbSTBBN PbOMB, hf W. TheOBALDl 

Esq., Geological Survey qf India. 

Since the publication of my remarks on the axial group of Western Prome, in the 
Becords of the Qeological Survey, No. 2, 1871, the more extended examination of the neidi* 
bouring country has made it necessary to restrict the group within somewhat narrower limits 
than I had at first assigned to it ; and I think I shall best convey an idea of the extent and 
scope of such limitation by briefly sketching the various steps by which our knowledge of 
these beds has been acquired. 
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In 1861, Mr. W. T. Blanford, who was then entruBted with the survey of Pegu, expressed 
an opinion, founded on the examination of the Bassein district, that the altered, or "Hill 
rocks " as he termed them from their heing confined to the hilly region wherein the Arakan 
range here becomes merged, were as likely as not altered Nummulitic strata, notwithstanding 
the gene al difference in character between these '' Hill-rocks" and the unaltered Nummulittca 
met with in the plains and outer hills ; though this view could not be corroborated by fossil 
evidence, as no fossils had then been detected in these " Hill-rocks." 

A few years later I visited a portion of the ground surveyed by Mr. Blanford ; the 
result being that I found myself unable cordially to assent to the above view of Mr. Blanford, 
and preferred to allow the point to remain an open one in the hope of some evidence of a 
moro positive kind regarding the relation of the altered and unaltered rocks of Pegu being 
forthcoming in time elsewhere. About this time, my colleague, Mr. F. Fedden, who was 
then working with me in Pegu, discovered some dark shales containing Foraminifera, {Oper" 
culina) in a small stream, on the western side of the Arakan range, falling into the Gwa river, 
and this, with one more recently discovered, which I shall notice presently, is the only 
instance with which I am acquainted of fossils having been detected well within the area of 
the *' Hill-rocks."* The isolated occurrence, however, of a few fossils, even the most charac* 
teristic, at a single spot would not have been conclusive as regarded the age of the group 
constituting the great mass of the Arakan hills ; and little or no progress was therefore made 
towards the solution of the question of identity or not of the altered and unaltered rocks 
of the Arakan range up to the time of my writing my remarks on the axial group in the 
Becords of 1871. When, therefore, I commenced work on the frontier in the season of 1869-70 
among the " Axials " as restricted by me, which are here so well displayed, and in such 
contrast to the Nummulitic group of the plains, I recognised, as I thought, a confirmation of 
the view to which I had always inclined — ^namely, the distinctness, geologically speaking, of 
the alterod and unaltered rocks which had proved so puzzling in Bassein — ^and in commencing 
to follow up south the boundary of the Axial group and the Nummulitics, I not unreason- 
ably supposed that I was holding the clue to the true relations of the rocks in Bajssein. At 
first of course all went satis&ctorily enough, the nature of the ground considered, for I waa 
dealing with a veritable geological boundary ; but I had not got well out of the Prome district 
when I began to feel less satisfied with my work. It may be remembered that I described 
the upper or typical Axiab as resting on a series of shales and sandstones which possessed 
much of the general aspect of the Hill-rocks met with to the south ; and I somewhat hastily^ 
though with a groat show of probability, concluded that they belonged to the same group» 
and that the fault, which, as I believed, brought in the upper Axials against the nummulitic 
strata in Prome, continued on and brought up the lower Axials in like manner to the south. 
By the time, however, I had roached the confines of the Bassein ^strict, I became convinced 
that the boundary I was then following was illusozy, that is, not a geological one, but merely 
one dividing the altered from the unaltered side of the same group, and which was becoming 
more and moro vague towards the south, where, as Mr. Blanford had originally remarked, 
no separation was possible between these often dissimilar but really geologically identical 
groups. Although I am now convinced in my own mind of the correctness of the view 
originally put forward by Mr. Blanford, I deemed it highly desirable, if possible, to procure 
some corroborative evidence. I had, it is true, failed to detect any fossils in any limestone 
I had yet examined within the area of the Hill-rocks ; and this, coupled with the fact of 
nummulites being plentiful in many places among the unaltered beds, had much tended to 
strengthen my doubts of the view I was at length forced to adopts but I determined to visit 
one spot where Mr. Blanford has marked limestone on the Pyennea Choung, ten miles west 



* The Banmi Itmestune containa corals and other fossilsi bat In a state that renders it doubtfol if th«7 can 
be satisfactorily made oat. 



PAET 3.] Theobald: Axial grouj) in Western Prome. 81 

of the Baseein river, within the area of the Hill-rocks. At first this limestone seemed as 
devoid of fossils as most of the similar outcrops of the rock within the hills examined by 
me, bat in one place I was rewarded by finding numerous small nummulites in it, which 
seemed to have escaped the molecular action, which, I presume, is the true cause for the 
general disappearance of fossils in the rock, and not its originally azoic character. Having 
thus satisfied myself that the *' Hill-rocks " of Blanford comprising the southern portion 
of the Arakan range were of Nummulitic age, and consequently distinct from the Axials 
of the Frome district, it became necessary to retrace my steps in order to discover where, 
in following down the line of altered rocks, I had, as it were, got shunted off the Axials on 
to the Nummulitics. This point was vezy soon ascertained. The upper Axials, which are 
so well displayed on the frontier, hold their course continuously to within a short distance 
of the Thanni Choung, a distance of forty-seven miles as the crow flies, ^m where they 
enter British territoiy, or a little above the parallel of Prome. A few rolled lumps of the 
characteristic grits of the upper Axials may be seen in the Thanni Choung, below the junction 
of a small stream, (the Thaybew Choung, not on map) ; but nowhere elise can any evidence of 
the presence of this group be detected in the Thanni Choung, either above or below this spot. 
The upper Axials indeed stop here abruptly ; for, a very short distance up the Thaybew Choung 
Che characteristic axial limestone comes in, from which I obtained numerous specimens of an 
echinoderm, unfortunately none of them in a state for identification. Thus far the boundary 
of the group is, I believe, a faulted one, but here the fault would seem to die out and the 
group to be covered up by the altered Hill-rocks of Nummulitic age. The rocks actually seen 
in the Thanni Choung do not give much assistance towards determining the question of their 
age. Just below the junction of the Thaybew Choung the shales are seen which may con- 
fidently be referred to the Nummulitic group. Above the junction of the Thaybew Choung 
great disturbance and alteration of the beds is seen ; harsh indurated sandstones, vertical and 
much shattered and disturbed, occur, and above this spot, sandstones and shales of the 
ordinary kind met with among the Hill-rocks. Now, for any direct 'evidence to the 
contrary, these might belong to either group ; and their position is quite such as would 
identify them with the group of similar character underlying the upper or typical Axials. 
Thirty miles south of this is the village of Chin-na-gyee, where, in my note on the Axiab, I 
thus described the boundaiy which I then supposed was the junction of the two groups, and 
the continuation of that which in reality stops short of, and without crossing, the Thanni 
Choung. '* The stream above Chin-na-gyee seems to display mostly shales of the lower group, 
and just south of the village in the bed of the stream, highly altered sandstones come in of 
the usual harsh character of so many beds belonging to this portion of the group. Not 
thirty yards below them comes in, quite unaltered, a calcareous sandstone profusely charged 
with nummulites. The boundary is here fixed within a few yards, and strikes through 
the centre of Chin-na-gyee village, and at this point would seem te completely cut out the 
whole upper group" (of Axials). This section is merely a better and more sharply defined one 
than usual of the ordinary junction of the altered or Hill-rocks with the unaltered Num- 
mulitics ; and at the time I first visited it, I had no doubt of ite being the faulted boundary 
of the two groups (Axials and Nummulitics), instead of merely the boundary of that peculiar 
metamorphism which characterises the Hill-rocks, and which, the further we go south, 
seems more and more capriciously and irregularly developed. Of the lower Axials, now 
that all the Hill-rocks to the south are separated from them, we know very little. The 
country occupied by them being, without any figure of speech, most impracticable. From 
the point near the Thanni Choung, where the group terminates, the boundary recedes to 
the westward along the watershed separating the Thanni Chouiig from the Muday Choung 
to the north. This is indicated in the map by a dividing range, which gives a very 
inaccurate conception of the physical aspect of the country, though it may, very pro- 
bably, correctly enough mark the actual watershed. Nattoung, a conical hiU capped 
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with serpentine, is situated between the Thanni and Maday streams, at almost the extremity 
of the axial area. It is steeply scarped on three sides, but is accessible on the north-north- 
east by a steep spar. From the summit a fine view is obtained of the ground intervening^ 
between it and the main Tomah range, but which being intersected by no considerable 
stream, totally uninhabited and covered with virgin forest, is quite impossible to explore ; 
and it is not till the western side of the Arakan range and the Akyab district comes 
under survey that more details of the Axial group can be looked for ; and even then the 
difficulties presented by the wild, forest-clad and uninhabited nature of the ootmtry in 
question will for many years act as a complete bar to anything like a full and satis- 
factory examination of the ground. It is beyond the aim of my present note to enter 
on the relations, as iar as known, of the Axial group to the westward, and I will content 
myself with a brief recapitulation of the main points now established. 

\st. — The Axial group extends down into Pegu, a distanoe of about forty-seven miles 
from the frontier ; the boundary on the eastern or Pegu side of the Arakan range being a 
faulted one, having a strong upthrow to the west, whereby the upper Axials are brought into 
contact with the Nummulitic group. 

2n^. — There is no evidence that any portion of this group passes south of the Thanni 
Choung, though the precise boundary between the lower Axials and the *' Hill-rocks " or 
altered Nunmiulitics is obscure and at present only provisionally determined. 

Zrd. — On the western side of the range, a great thickness of beds intervenes between 
the Axial group and the Nummulitics, amongst which the presence of cretaceous rocks ia 
shown by the occurrence of Amtnonite» rostratus, Sow., near Maie. These cretaceous strata 
certainly extend as far south as Eaintali, but being in the province of Arakan, have only 
received a veiy cursory examination. 

May, 1872. 

Sketch op the Geology of the Bombay Pbesidency, hy William T. Blakfobis 
F. G. S., Deputy Superintendent, Geological Survey of India, 

The Bombay Presidency consists geologically, as well as physically, of two parts. The 
north-western of these consists of Sind, Kachh and Gujrdt ; the south-western comprises the 
Mar4tha country. Roughly the river Narbad4 ( Nerbudda ) may be said to divide the two 
regions. A part of the distinction is climatic, the north-eastern division being, to a great 
extent, beyond the area of the periodical monsoon rains, but the essential differences are due 
to the very dissimilar geological formations of which the two regions consist. 

The geology of the Mar4tha country is for the most part of the simplest kind, by far 
the greater portion of the surface being composed of nearly horizontal strata of basalt 
and similar rocks. Hence the peculiar features of the country, the extensive plateaus, the 
long hog-backed hills, the ten*aces on their sides, and the black precipices which in so many 
places almost cut off communication with the low ground. Hence also the fertility of the 
soil which covers the country, and its adaptation to the growth of cereals, pulse, and cotton ; 
and to the same cause may be attributed the thinness and stunted growth of the forests 
except in a few favoured localities. 

The rocks of the Bombay-Deccan are precisely similar to those of neighbouring portions of 
the Indian peninsula.* India proper in its geology stands as strikingly aloof from neighbouring 
portions of Asia as it does in its ethnology and zoology. But the rocks of Gdjrat, Kachh and 
Sind, are only partially represented in the Indian peninsula, and must rather be considered as 

* By India I mean the ooantiy of the Hioda races. To call Barma, the Malay peninanla, 8iam and Cochin 
China, and, still worse, Java, Sumatra, and Borneo, India appears to me a scientific blonder. The countries have no 
geoipraphlcal, geological, ethnological, nor soological connection with India proper. 
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belonging to Continental Asia, being oontinnons, as vnu long since shown by Dr. Carter, with 
the fonnations foond in Persia and Arabia. To the northward the Sind rocks extend to the 
foot of the Him&hiyaa. 

To this striking change in the geology is dne to no small extent the difference in the 
physical features of the countries north-west of Gtijr&t. Instead of plateaus coyered by 
black soily we find nndnlating sandy plains with scattered craggy hills ; the immense alluvial 
flats to the north of Kachh and Gdjr&t are for the most part deserts of blown sand, and the 
fertile country consists of a belt, rapidly diminishing in breadth to the westward, along the 
borders of the sea ; its verdure is due to the humidity caused by the neighbouring ocean. In 
Sind erven this ceases, and the country, except on the banks of the Indus, or where reclaimed 
by irrigation, is an arid tract of gravel and sand from which arise the steep scarps of lime- 
stone ranges. 

In the ensuing brief description of the different groups of rocks found in the Bombay 
Prendenoy, it will be seen that each system is mainly developed in one or the other of these 
two great divisions. The only important exception is in the metamorphic rocks at the base 
of the whole geological series. The basaltic traps extend into K&tti4w&r and Eachh, but 
they occupy but a small area. The division of course is not absolute, but it is evident that, 
as has been suggested by Professor Huxley, the Indian peninsula has had, during the later 
geological epochs, a different history from the country to the north-west. In the following 
list of fimnations the Indian classification has been adopted, partly in order to show the 
relations of the various beds of Sind and Eachh to those of the Indian peninsula, partly 
because the usual European classification is quite inapplicable to the latter ; for it is as yet 
a nux>t point whether the great Deccan trappean series is secondary or tertiary, and the 
European equivalents of the Yindhyan series are unknown with any accuracy. 

The following is a list of the formations found in the fiombay Presidency and its 
dependencies in descending order : — 

ri. Black soiL 

2. Littoral concrete. 

3. Alluvium of Sind, Eachh, and Gdjr&t. 

4. Laterite of the Eonkan. 
6. Surface gravels of Sind. 
6. Ossiferous graveb of river valleys. 
,7. Upper tertiaries of E4tti&w4r and Eachh. 

1. Older tertiaries of Sdrat^ Bharoch, E4tti&w&r, 
Eachh, and Sind. 



YI. — ^Later tertiary and recent 



v.— Older tertiary or nummuHtio 






r] 



senes. 



t 



Perim Island bone beds. 
Laterite of the Deccan. 



IV. — Deccan series 



U. Deccan traps. 

2. Intertrappean beds of Bombay. 

3. • Ditto of Dewad, NAgpur, Narbad4 valley, Ac. 
.4. Cretaceous beds of B4gh. 

{1. Jurassic rocks of Eachh : upper. 
2. Ditto ditto : lower. 

... 1. "Diamond limestone" and sandstone of Bel- 
gfion, Ealadghi, and Batnagiri. 

L— -Submetamorphic and meta- C 1. Champanir beds. 

morphic. 1 2. Granite, gneiss, mica schist, &c. 

These are all which are actually known to occur in the area to which the present notice 
relates and its immediate vicinity ; but in order to explain them, it will be needful occasionally 



m. — Oolitic series 
II. — ^Yindhyan series 
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to wi^ft briflf reference to strata found in a43oining districtB. In proceeding to give a 
brief description of these varions formations and of their distribution in the Bombay 
Presidency, I shall, as is customary and most convenient, commence with the oldest. 

I.— MSTAICGBPHIC AKD SUBMBTAMOBPHIO 8SBIB0. 

1. JfetomorpAic rocife*.— Under this heading are classed together all the crystalline 
formations, granite, ggenite, diorite, ^c, gneigs, homhlendesekut, mica-schist, quartzite, 
crggtalline limesione, ^c, whether laminated or not. It is possible that veins of granite, 
syenite, and diorite may exist of later date than the metamoiphism of the gneiss, bnt none have 
been met with as yet of which the later origin can be proved ; and the majority of such veins 
are dearly contemporaneous wiih the metamorphio action, whilst throughout India wher- 
ever extensive areas of granite have been examined with care, the rock has been found to 
pass gradually into gneiss or schist on its edges, or here and there throughout the tract of 
count^ composed of it The only exoqitions to the rule of the apparent contempoianeitj 
of the granite and gneiss are in the gpranitic masses found associated with submetamorphio 
rocks in places. But ihe relations of these submetamorphic rocks themselves to the gneiss 
and its associates are far fit)m clear. 

Veins and irregular masses of greenstone (diorite) are similarly found passing into horn- 
blendic gneiss. There are, however, in places trap dykes of later age contemporaneous with 
the Deccan traps or other outbursts ; but many of the dykes which intersect the crystalline 
rocks are evidently of very old date, because they do not penetrate the superjacent strata. 

It is quite possible that several series of rocks of widely differing ages are included in the 
metamorphic formations of India, and Mr. H. B. Medlicott has pointed out some facts in &vor 
of such a division amongst the ciystalline rocks of Bengal.* But until these have been traced 
out more completely than has hitherto been practicable, it is necessaiy to class all together. 

Metamorphic rocks cover a much smaller area in the Bombay Presidency than they do 
in most other parts of India. None are known to occur in Sind or Eachh, but north of the 
Ban of Eachh, they are seen at Nagar Parkar, and thence stretch to the eastward towards 
mount Abu, which is composed of them. They occupy a huge tract in northern K4tti£w4r, 
including Gim&r hill, which is their southern limit ; they are also found close to Palit&na and 
in the neighbourhood of Gogo, but the detailed geology of this country and of the regions 
to the north is very imperfectly known. East of the great alluvial flat which extends north- 
ward from the Gulf of Khambayit (Cambay) metamorphic rocks of a highly granitic 
character occupy the country about Idar, and occur throughout a considerable tract around 
Godoa and Chota Udepur in the Bewa Kanta, but they are covered up by sandstone and 
trap to the south, and nowhere in this direction reach the river Narbada, whilst east of 
Baroda, near Champanir, they are replaced by the other rocks to be presently described. 

From the Narbad& to the southward metamorphic formations are unknownf within the 
limits of the Bombay Presidency until the southernmost districts are reached, in which 
they again appear, and they occupy neariy the whole western portion of the Indian 
peninsula from this limit to Cape Comorin. On the coast they emerge from beneath the 
higher formations just north of M41w4n, and neariy the whole of Sawantwadi, the Goa 
territory, and North Kanara is composed of them, their surface being fr^uently concealed 
by thick deposits of laterite. In the high table-land east of the gh&ts, the southern part 
of Belg&on, the south-eastern comer of Ealadghi, and nearly the whole of Dh4rw^ consists 
of these formations. 



^ BeoordB, Geological Survey of India, Vol. II, p. 40. 

t In Greenoogh'B geological map of India granite is repreaented as oocurring in three plaeee in the tisp ana 
of the Deccan. Those places are dose to Eldra (Aurangabad), Satara, and Kolhipto reepectivelj. It appears 
doabtfU whether these granitic inliers really exist. There is one small patch close to Phonda in the Konkaa, 
twenty-flve miles south-west of KolhApnr, but this is far from the position indicated by Greenoogh. 
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SVBMBTAICOBPHIOS— OHAMPASfB BVM, 

The claasificaiion of each Indian rocks as are distingoished from the ^eiss and its 
aflBodated formations hy partial or total ahsenoe of metamoiphism, and yet are of greater age 
than the Viudhyan series, is extremely imperfect. It is uncertain how far the various local 
groups represent each other, and to what extent any or all of them are the less altered 
oi the true metamorphio rocks. 

The only known occnrrenoe of these submetamorphic rocks within the Bombay area is 
near the mined town of Champanir at the foot of Paw&garh hiU, east of Baroda. These 
beds occupy an area stxetohing for about twenty nules east from the hill (which is of trap) and 
for a considerable but unknown distance to the north. The principal constituent formations 
are quartntes or rooks intermediate between quartzite and sandstone conglomerates : slates 
and limestones also occur in considerable quantities, and ferruginous bands, some of them 
chiefly oonsisting of magnetic iron ore, occasionally. The limestone is sometimes quite un- 
altered, but in places it is highly crystalline, and at one spot near the village of Kadwal, it 
eoBtains fine crystak of actinolite. The most characteristic beds are perhaps the conglomerates, 
the matrix of which is a coarse sandstone, containing pebbles and rounded blocks of granite, 
qnartdte, talcoee sbte and crystalline limestone, some of which, especially those of limestone, 
hare a diameter of a foot or more. All the finer aigiUaoeous beds exhibit cleavage, and 
some of the slate is so fissile that it might probably be employed for roofing purposes. On 
their southern boundary these * beds appear to pass by gradual transitiou bto the true 
metamorphios. 

The rdations of the Champanfr group, as these beds have been n provisionally named, 
to the other submetamorphic beds, remain hitherto somewhat obscure, but they are perhaps 
the representatives of the Gwalior series (see Records, (Geological Survey of India, Vol. Ill, 
p. 33). From the Bijawar rocks of Band^lkhand and the Narbad4 valley they differ much 
in mineral character. 

II.— ViNDHTAV SBBIBB. 

* 

The rocks to which the general term Yindhyan has been applied from their extensive 
development in the Yindhyan plateau north of the Narbad& consist of sandstones (occa- 
•ioiiaUy so hard as to assume a semi-vitreous appearance and to approach quartzite in 
character), limestones and shales, and are very often distinguished by a more or less pink 
or purplish colour, less frequently seen in the limestones than in the other rocks of the 
series. These beds are separated by a well-marked geological break, the evidence of which 
is found in extensive unconformity, from all the earlier formations. They are divided into 
tvro principal groups, an upper and lower one, the former of which, comprising the typical 
T4ii sandstone, Kattr& shales, and Pann4 sandstone of Dr. Carter, and the Bh&nrer, Rew4, 
and Kaimur groups of the Gfeological Survey classification, occupies an immense tract 
in Malw& and Banddlkhand, whilst the latter is only found here and there upon its b(«ders. 
Very large areas in the Mahanadi, Qodavari, Krishn4, and Penn^r vallies are occupied 
by sandstones and sandstone-quartzites, limestones and shales closely resembling the 
Band^lkhand rocks in mineral character, but more nearly allied to the lower than to the upper 
sab-division. They are identical with the diamond-sandstone and limestone of the earlier 
Indian geologists,* and were included by Dr. Carter in his Oolitic series, together with the 
important formations hereafter to be mentioned. Unfortunately, no weD authenticated 
fossil, animal or vegetable, has hitherto been obtained fit)m these beds, the few supposed 
organic remains which have been recorded as occurring!: in them being either of a very 
doubtful nature o^ else derived from strata of later date. The geological age of the 

• The ^Uamood MUidstone, howoTer, u described by Vojeey and Mftloolmeon, comprUed fonnations which ha?e 
now been asoertained to bekmg to a series of mach more leoeat date than the VindhyanM. 
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Yiadhyans ia therefore obscare, all that can be safely asserted being that they oannot be 
more recent than the middle paheozoio rocks of Europe, whilst they may be oonnderably 
more ancient. 

The Band^lkhand Vindhyan area is entirely outside of the Bombay Presidency, its 
south-western comer being at Barwai in the Narbad4 TaUey, bnt the representatiTea 
of the same series in the Erishni valley and its vicinity occupy a well marked belt, locally 
of considerable width in the southern part of the Presidency, intervening between the 
trap and the metamorphic rooks. These beds appear on the west coast at Ochrft, a little 
north of M&lw4n. They are well seen at the foot of the Phonda gh&t, and consist of 
hardened sandstone approaching quartzite, white, yellow, or pink in colour, and shales. 
The surface is very uneven, and had evidently suffered greatly from denudation of an irregular 
kind before it was covered by trap ; hence their distribution at the base of the volcanic 
series is very inegolar. 

Above the gh&ts the quartzites reappear in the south of the Kol&pdr territory, and 
extend eastwards in a band of very variable width across the southern parts of the Belg&on 
and Kaladghi districts into the Nizam's dominions. 

On its northern side this belt of country is bounded in most parts by the extremely 
ragged southern edge of the Deccan trap-area. To the south it is bounded for acme 
distance by the trap, but after that by the northern edge of the great gneiss-area of 
Madras. A little east of where these rocks cross the Krishni river, thirty miles east-north- 
east of Ealadghi, the continuity of the belt is broken for a short distance ; but another 
series of quartzites, shales, and limestones is met with at Miidebeh&l, and stretches away to 
the north-east into the Nizam's territory to the neighbourhood of Gdlbargi. 

In the central part of the area around Ealadghi the quartzites are overlud by a great 
thickness of limestones and shales; above these, again, comes a conriderable quartzite 
series, which in its turn is overUid by another set of limestones and shales. These different 
limestones, &c., occupy a considerable area in the valley of the 6atparb&, both east and west of 
Kaladghi. The limestones are generally subcrystalline and of various d^rees of purity ; 
they are often highly silicious, and many beds are very argiUaceous — ^indeed often pass into 
calcareous shale. 

The lower quartzites are considerably tilted along the greater part of the southern 
boundary and form a fringing ridge, with an abrupt scarp, overlooking the gneiss area. 

The basement beds of the lower quartzite series contain many veiy remarkable con- 
glomerate beds ; the included pebbles being of banded jasper, quartz and felspar, derived 
from the gneissic series. 

Some few beds of jaspery hsmatite-schist occur in the lower quartzite series in Balgi 
ridge north of Ealadghi. 

Where the beds are lying quite undisturbed and horizontal they have not assumed the 
character of quartzites, but are true sandstones, but, wherever disturbed, the metamorphosing 
effect of pressure has changed them into more or less perfect quartzites. Two of the most 
beautiful and interesting scenes in Western Indiar—the falls of the Gatparb& at (}ok&k and 
the " Naul Tirth" (the peacock's bath) in the gorge of the Malparb& river near Hanoli— are 
due to the peculiar position of the lower part of the quartzites. 

The series of quartzites which lies near Mudebeh&l eastward of the break above referred 
to differs from the Eabdghi series in several important points ; the former consists of a thin 
basement -bed of pebbly sandstone overlaid by shaly sandstones, and these again capped by 
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fimeBtones; the whole, as far as seen near Mtidebeh41 and T61ik6t, not exceeding 200 feet 
in thickness. The Kaladghi beds are of far greater thickness ; the basement qnartzites 
andoonglomerates alone being many hundred feet thick ; over which comes a great thickness 
of brecdated qnartzite foUowed by the two great limestone and shale series above described 
and the npper qnartzites which divide them. 

The limestones also differ in character, those occurring at and around T41ik6t being 
fine-grained lithographic limestones with few inclusions of chert, while those at Kaladghi 
are subcrystaUine and full of chert both in lamin» and in irregular nodular masses. 

From the differences above enumerated, it appears reasonable to conclude that, the 
Mudebeh&l and T&lik6t beds are not continuations of those around Kaladghi, but 
members of another, and from its lesser degpree of metamorphism in all probability a 
younger system of rocks. This conclusion is strengthened by the fact that the quartzitic 
groups in the Madras Presidency are referable to two series — ^the lower or Kadap4 series, 
probably representing the GwaHor series of Upper India, and the upper or Kamlil series, 
representing the Lower Yindhyans. For convenience of description, the name of the town 
Kaladghi has been given to the series of beds occupying so large an area of the Gatparbi 
valley, and that of the Bh(m4 series to the Mddebeh&l and T41ik6t beds, as they are fiur 
more extensively developed in the valley of the Bhim4 river. Hie beds at the base of 
Phond4 ghftt belong to the Kaladghi group. 

Above the Yindhyans there Lb found in Central India and Bengal a most important 
series of formations, to a portion of which the only coal beds worked on the Indian Peninsula 
belong. The various groups, including the Talchir, Damtida, Panchet, M4b&d^v&, &c., 
are largely developed ia the Central Provinces ; but all disappear below the traps far to the 
east of the Bombay Presidency, and none of them have hitherto been detected along the 
southern edge of the trap area in Belg&on, Dh&rw&r, and Batnagiri. 

The absence throughout the Bombay Presidency of the coal-bearing Damtida groups, so 
widely spread in the Central Provinces and South-Westem Bengal, is a serious drawback to 
the commercial prosperity of the country, and, coupled with the rapidly progressing des- 
truction of the forests, threatens to leave a large portion of that Presidency as destitute of 
fuel as the Panj4b and parts of Madras. There appears to be but little hope of the dis- 
covery of useful coal in Western India in any large quantity. 

in.— Oolitic Sbsies. 

The rocks of Kachh, first described by Captain Grant, have lately been examined by 
the Greological Survey. The formations below the trap occupy the northern half of the 
province and the hilly parts of the island in the Ban, and consist of two groups, the lower of 
which is distinguished by a prevalence of argillaceous beds, with which sandstones and lime- 
stones are intercalated, the upper group is marked by a predominance of coarse sandstone. 

The shales of the lower group vary in colour and consistency, and they sometimes 
contain gypsum. Ferruginous bands are less conmion than they are in the upper beds. 
Locally, fossil sheUs, always of marine forms, are common in these rocks. 

The sandstones of the upper group are white and felspathic, except towards the base, 
where they are brown in colour, and abound in ferruginous bands and nodtdes. Throu^out 
the whole, but far more sparingly than in the lower group, shales are scattered, containing 
plant remains, often fragmentary and undefined, but, when recognizable, consisting chiefly of 
cycads and ferns. Some of the shales are carbonaceous, and in a few localities, as at Trombo 
north of Bhtij, thin seams of coal have been met with, but none hitherto discovered have 
been sufficiently thick to repay extraction. 
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These two groapib alihongh oontrwiiog in some reipeeiB, hare much in oommon, most 
of the beds in each being simiJUr to some in the other ; nor Oin any abeokite line of eepaiar 
tion be drawn between them. As a rale> the marine fossils are peculiar to the lower and the 
plants to the upper group ; but exoeptionB occur, and interstratifications of shale wmfAiniiig' 
plants have been found between beds rich in marine fossils near Chan in the lower gioi^ ; 
whilst^ in the western part of Eachh, bands with marine fossils are intercalated in the upper. 
It is evident, therefore, that both fonn a continuous series without any important break, 
and that they are not of different geological epodis. The age is shown by the numerona 
marine fossils comprising many species of Ammonites, Belemnitet, PUurotomariat Astarie, 
Aviculay Qervillia, Lima, Nucula, Opia, Ostrea, Pholadomya, Plioaiula, Tyigonia, Bkym- 
ehanella, Terebratula, 4*0., to be of middle and upper Jurassic age, some of the species being 
identical with those common in the same groups of Europe. The plant-fossils, on the other 
hand — ^including three species of Palteozamia, some conifers, resembling BrachypkifUuwi^ 
Taxodites and Wdlchia, a Taniopieris, and a Sphenopteris — are for the most part identical 
with those found in the beds intercalated with the bwest beds of trap in the B&jmah&l hills 
of Bengal, and in some clays occurring beneath the cretaceous beds of the neighbourhood of 
Trichinopoly and at Sriparmatdr near Madras. 

The whole thickness of the Jurassic beds of Kachh, so far as they are seen, has been 
estimated by Mr. Wynne at 6,300 feet, of which 3,000 may be allowed for the upper group ; 
but it should be borne in mind that this does not give the whole original vertical extent of 
the series, since their base is nowhere seen, and their upper surface had undergone denudation 
before being covered up by the trap. 

It is not known that the Oolitic formations occur in the Bombay Presidency and its 
dependencies beyond the limits of Eachh. Some representatives of them may perhaps be 
found in northern Eatti4wi&r or in the neighbourhood of Disa, but none appear as yet to 
have been made known. Dr. Impey near Jaisalmir (Jeysnlmeer) found, in a well, some ammo- 
nites which Dr. Carter thought might be of Jurassic age, but in &ct the geology of Western 
B&ipntan4 and of the countries lying north of Kachh is very little known. 

IV.— Dbccaf Sbbibs. 

Lametd and Bdgk beds. — ^The next great series in ascending order is fiur more import- 
ant in Western India than any of those inferior to it in position, and it covers as large an 
area in the Bombay Presidency and its dependencies as all other formations together. The 
greater portion is of volcanic origin, consistiDg of stratified basaltic or earthy traps, but at 
the base of the igneous rocks, there is in the Narbad4 valley, a very interesting group of 
sedimentary beds, which, from their geological relations, must be classed in the same series. 
These are tiie cretaceous strata of B^h, Chota Udepur, and Bajpipla. 

In many places to the eastward, there is found at the base of the traps a bed of impure, 
earthy or gritty limestone, frequently containing pebbles, and passing occasionally into a sand- 
stone or conglomerate. It has been traced throughout a considerable portion of the 
Narbada valley and the country around Nagpur. To this formation the name of Lamet4 
was given by Mr. J. G. Medlicott from its occurrence at Lameta ghki on the Narbada near 
Jabalpur, and it was at one time supposed to represent, in part, the massive sandstones of the 
Mah&deo hills around Pachmari. This has now been disproved, but it appears highly 
probable that the Lameta bed is the equivalent of the limestones and sandstones of B4gh. 

Wherever this infra-trappean formation occurs, its close connection with the overlying 
traps is manifest. The Lametd group is apparently of fresh water origin, having in all 
likelihood been deposited in lakes formed by the damming up of vallies by the first flows 
of lava, and it is therefore similar in its mode of deposition to the inter-trappean beds to be 
presently noticed^ Fossils are but rarely found in it ; the few that have been obtained arc 
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frtth-water shells, reptilian bones (?) and wood. Bat although it is evidently of different origin 
from the B&gh group, its similarity in mineral character to the uppermost bed of the latter 
IS most striking, and there is also great resemblance in the conformity of both Lamet& and 
Bagh beds to the OTeriying trap, althongh this character is less striking in the B£gh beds in 
consequence of local unconformity. 

Numerous small patches of infra-trappean rocks occur along the southern boundaiy of 
the Deccan trap in Belg&on and Ealadghi districts. They rest either on the Yindhyan or the 
^eissic rooks, and are invariably of small thickness, rarely exceeding 6 or 8 feet, and generally 
of even much less thickness. The beds consist generally of soil sandstones or marly sand 
with numerous quartzite and a few gneissic pebUes. The top of the beds just below the 
tiap is most frequently stained of a rich red from the presence of red bole. In the only 
case, near Kaladghi, in which fossils were found in these infra-trappean beds, they were 
of firesh water types — Pkysa, Lymnea, and Unio, It is stiU uncertain whether these are 
true representatives of the Lamet4 group, or only local overlaps of the inter-trappeans. 

The Bagh beds consist of limestone or calcareous shales and sandstone, the former being 
afauoet always above the latter. The ' coralline limestone,' which first attracted attention to 
them from the blocks in the ruined buildings of .Mandu near Mohu (Mhow), is a red 
or yellow rock mainly composed of fragments of marine shells and hryozoa% The source of 
the blocks at M4ndu was long unknown, but was in 1856 traced by Colonel (then Captain) 
Keatinge to Cher4kh&n, about twenty-five miles east of B&gh. This peculiar rock forms the 
highest bed of the group over a small area east of Bagh, but it is not seen near that town, and 
is only very imperfectly represented to the westward. 

At B&gh itself, 20 or 30 feet of nodular limestone rests on 80 or 100 feet of sandstone, 
which is in places conglomeratic and sometimes argillaceous or shaly. To the west in 
Aliisjpur and Chota Udepur, the mass of the cretaceous rocks consists of coarse sandstones 
and conglomerates, capped by gritty limestone or calcareous shales. In the Deva valley near 
Ihimkhal in the northern part of the B4jpipla hills, a section of 600 feet of these 
calcareous shales is seen resting upon an even greater thickness of sandstones, but to the 
north the group becomes of much smaller dimensions ; Hke the Lametds, the uppermost beds 
frequently abound in chert. 

The traps in general rest conformably upon the B£gh beds, but there is much local 
unconformity, showing that the latter had in places undergone considerable denudation 
before they were covered by the volcanic rocks. From the nature of this denudation there 
can be but little doubt that it was subaerial, and that the marine beds of Bagh had been 
raised above the sea and subjected to the action of rain and streams before their surface was 
encased in the overflowing trap. 

The fossils found near Bagh are unmistakeably cretaceous ; and Dr. Martin Dunoan 
has shown that the fichinoderms found at Cher4kh4n are mostly identical with species found 
in the Upper Greensand (Cenomanien) of Europe. A few specimens are met with farther 
west, but less abundantly. The most common to the west are species of OHrea, but teeth of 
Sharks, Pecten 4-co9tattu, and Semiaster, also occur occasionally. 

In the lower Karbad4 valley the cretaceous beds fringe the trap, and are occasionally 
exposed within the area of the volcanic rocks. The principal inliers to the westwards in 
the Bewa Ejinta are near the town of Kaw&t, and a large one exists in the Deva vaUey in 
B&jpipla south of the Narbad& ; whilst on the edge of the traps, a tract covered by these beds, 
fourteen miles long from north to south by ten miles broad, is met with a few miles south- 
east of Baroda near the villages of Wa8n4, Talakw&i&, and Chmdeshwar. 

Stratified traps, — ^These rooks have engaged the attention of nearly all the geologists 
who have written upon Western India. Their thickness, peculiar appearance, and extent 
render them the most conspicuous geological feature of the country. 
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Liihologically the trap rockB consist principally of various kinds of dolerite, rich in 
angite, the prevailing forms heing compact hasalt, anamesite, and more or less earthy amyg- 
daloid. Two of the most characteristic rocks are a porphyritic basalt containing tabular 
crystals of glassy felspar, and an amygdaloidal earthy trap abounding in small nodules of 
agate and zeolite surrounded by green-earth ; the latter of these is exceedingly abundant. 
Some of tiie amygdaloids contain great quantities of zeolites and allied minerals ; of these 
the most abundant are Apopkyllite, Stilbite, Heulandite, Scolecite, and LaununUie. 
Besides these ChahaHte, Sypostilhite, and Thomsonite occur, but they are rare, and I have 
once seen Prehmte. The Apopk^llite is finer than at any other known locality, and of 
various colours, white, green, and pink. A great variety of agates and of other forma of 
silica, such as bloodstone, are also met with filling cavities or forming small veins in the 
rock. 

The traps of the trachytic group in which felspar predominates, and which may be 
recognised by their pale color, are much less common, and are in fact only met with in a 
few localities, as at Dharavi in Bombay Island, Powagarh hill, east of Baroda, &c They are 
usually ashy or earthy, but sometimes ciystalline. 

The whole series of Deccan traps is regularly stratified in beds, or, to speak more correctly, 
flows, varying from 6 or 6 feet to upwards of 200 in thickness. The average in two roughly 
measured sections on the railway-inclines of the Tol (Thull) and Bh6r gh&ts is apparently 
87 and 64 feet respectively, but really less, because the distinction between any two beds 
can, in general, only be made out by mineral characters, and if, as frequently happens, two 
successive strata present no litholog^cal differences, they are liable to be classed together as 
one. Many apparently massive strata of amygdaloid really consist of a number of separate 
flows from 6 to 10 feet thick, and it is doubtful if the average thickness of the strata exceed 
20 to 30 feet 

A remarkable horizontality prevails throughout the greater portion of the trap area, the 
most important exceptions being in the Bajpipla hills, and the ranges immediately north of the 
Narbada, in parts of the Satplra hills north of Ehandesh, and along the coast from some 
distance south of Bombay to Dam&n. In these exceptional areas the dips are clearly due 
to disturbance subsequent in date to the consolidation of the rocks, for sedimentary beds, 
which must originally have been horizontal, have shared in the movement. It is thus clear 
that throughout the area the traps must have originally been very nearly level. 

Tet there can be no question but that these rocks are of volcanic origin. In many 
places beds of breccia are interstratified, which must originally have consisted of volcanic aah. 
Some are met with on the northern part of the Bombay Island, at Sion hill, Palshachi hill. 
Flagstaff, and Rai hills, and more in Salsette, the caves of Kanhari being excavated in one of 
them. Several beds are cut through on the Eamatk^ gh&t on the road from Pdnah to 
Mahableshwar, and a very conspicuous instance may be seen at the lower gateway of the 
bill fort of Singurh near Pdnah. Indeed with a littie search similar beds may be found 
almost anywhere in the trap country. When weathered, the resemblance of these breodas, 
with their enclosed scoriaceous blocks, to the ash beds of old volcanic cones is so exact that 
no doubt can remain as to their being of identical origin. The red bole which so frequently 
occurs interatratified with the traps may also be an ash, as it is intermixed with scorisB in 
places, but it sometimes bears the appearance of having been rearranged by water. It 
should not be forgotten that the blocks which were originally vesicular or scoriaceous are now 
amygdaloidal, the hollows in them having been filled by infiltration. 

But whilst the volcanic origin of the Deccan traps is unquestionable, their horizontality 
and regularity of stratification render them very unlike the accumulations of volcanic rocks 
now forming in countries in which igneous vents exist, and it is clear that the circumstaaoea 
under which the former were accumulated were widely different from anything now koown to 
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occur on the earth's sarfiice. Another remarkable difltinction is the apparent absence, throughout 
a great part of the area, of any foci from which currents of kva could have been poured 
out Of conrBe cones (^ loose soorin would long since have been removed by denudation, 
and nadei of solid basalt woold not easily be recognised amongst flows of similar consti- 
tution. Still it is remarkable that so few instances shonld have been described. Unmistake- 
able nndei exist in the lower Narbad& valley, some of them, as Metdpenai hill south-west 
of Chota Udepdr, consisting of trachyte ; and throughout a large tract in the Bi\jpipla Jiills 
the rocks are cut up by immense dykes ; but still better examples of volcanic foci may be 
seen in Kaohh amongst the Jurassic rooks, one of them being the so^udled volcano of 
Dinodar,* west of Bhtij. Mr. Clark also (Quart Joum. Geol. Soc., 1869, p. 163,) 
states that a line of vents exists in the Eonkan east of Bombay, and that largo 
numbers (^ dykes occur ; bat whilst it is highly probable that there are volcanic fixsi in this 
direction, it is doubtful if any huge portion of the Deccan traps have flowed from them, for 
the frequent ocourrenoe (locally, it is true, not universally) of trap dykes, and still more of 
ash-breceia appears to show that centres of eruption must have been scattered widely over 
the country, and it is probable that closer search will show their existence. . 

It is evident that the lavas were poured out in a very liquid state, and that they spread 
themselves in wide sheets of small depth over large areas of country. It is quite possible 
that the more earthy beds which form a very large proportion of the whole may have issued 
in the form of volcanic mud, not necessarily at high temperature. But the crystalline 
basalts were in aQ probability poured out as lavas liquified by heat 

Geologists generally have hitherto explained these peculiar phenomena by supposing that 
trap rocks similar to those of the Deccan have been poured out at the bottom of the sea, and 
in taking a different view, which I do with some diffidence, I know that I am in opposition 
to aU the best authorities and to some at least of my own colleagues. It is considered that 
lavas would preserve their liquidity longer at the bottom of the sea under the pressure of 
the water ; that they would consequentiy be spread over a large area ; that there would, for 
the uaoa reason, be vesicular structure, but not sooriaoeous, and that cones of scori» would 
not be formed, because the ashes and fragments blown out from the crater would be spread 
over the bottom of the sea* 

To this view there is one serious objection, which is, that some of the Deccan traps were 
lubaerial or poured out in water so shallow that the pressure oould not have affected them, 
and that these are undistinguishable from the mass of the beds ; whilst, on the other hand, 
there is no evidence except the single occurrence of marine shells interstratified with the 
basalts near B4j&mahindri to show that any portion of them were accumulated beneath the 
sea. In the case of B£j6mahindri there can be no doubt but that some of the traps are 
subnuoine, and there can be equally littie doubt but that they were poured out in a shallow 
•ea or estnaiy dose to land« for the marine shells found are of littoral or estuary species, not 
of deep water forms, and frwhwater shells are mixed with them. It is equally clear that 
the bulk of the intertrappean sedimentary beds to be presently mentioned, wherever they are 
found from Mundki to Bombay, and from Dewad (Dhawud) in the Bewa Kanta to the Siohel 
hUls (^ Hydi&b4d, are of freshwater origin, formed in small shallow hikes, and that oonse* 
qoeutly the greater portion of the surrounding country, over which the lava flows were 
poured outk was dry land. 

Another proof that the lowest traps were subaerial is to be found in the form of the 
surface on which they rest This is excessively uneven, valleys upwards of a thousand feet 
deep being found in it in places. This uneven surface can only have resulted from subaerial 
denudation ; marine denudation, as has been amply shown, reduces the area affected by it to 



*The reported empUon of this '* folcwo" in 1S19 miut be a mistake. Tlicrc is do traoc of any rocont ignoous 
aetioD oo tlu hill, wliich is not a volcanic cone, bat a naclcns of basaltic rock exposed bj denudation. 
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a plane. Had this surface, thos formod by the action of rain and rivers, been depressed 
beneath the sea before being covered ap by trap, some traces of marine deposits must in 
places have remained at the base of the volcanic rocks conformably imderlying them. But 
nothing of the kind occurs. The Lamet& beds are of freshwater origin, and the Bftgh 
beds, which are marine, afford evidence of having been raised above the sea and acted upon 
by streams and rain before the lavas overflowed them. I^ow, the bottom flows are frequently 
some of the most compact and crystalline met with; they are as widely spread and as 
horizontal as any of the others. The same is the case in Bombay Island with the topmost 
flows ; the basalt of Malabar hill, which rests on the freshwater shales seen at its base, is 
perhaps the most compact and most clearly stratified flow in the island, and that it must 
originally have been horizontal from Yaldkeshwir to Warli, upwards of four miles, is evident, 
for it rests conformably everywhere throughout that distance on the sedimentary beds. If 
then the rocks at the base of the series throughout a large area, and those at the top at 
Bombay, are of subaerial origin, and these beds are as compact, as crystalline, and as distinctly 
stratified as the intermediate flowB,-if, in short, there is no lithological distinction between 
the flows which are proved to have been poured out on the land and the great mass of the 
b6ds,-it is surely illogical to assert that the traps in general are submarine without adducing 
any other ai^ument than their lithological characters. 

The whole thickness of the traps cannot be less than 5,000 feet, probably it is more. 
The time occupied in their accumulation must have been great, for the sedimentary beds 
intercalated prove large periods of repose, during which lakes were fonned and became stocked 
with living animals ; and it is impossible to say how much of the interval between the Middle 
Cretaceous and the Eocene epochs was occupied in their formation. As before stated, they 
rest upon the B4gh beds, which are of Upper Greensand age ; while upon them, after a break 
marked by great denudation, rest the Nummulitics, which are Eocene. 

So far as physical endonce is concerned, the break at the base of the traps in the Nar- 
bad& valley appears less than that which separates them from the overlying Nummulitics near 
Surat. In Kachh, a group of ferruginous clays intervenes between the traps and the 
Nummulitics. For these reasons I am myself disposed to look upon the lower traps at least, 
and consequently on the freshwater beds of the Narbada valley and Nagpur, as probably Cre- 
taceous. But most geologists are inclined to class the whole of the volcanic series as Eocene. 

The traps cover the whole of the Bombay Presidency firom the Narbada river as far 
south as the parallel of Goa in the neighbourhood of Belg&on and Kaladghi. North of the 
Narbada in the Bewa Kanta they occupy but a small area ending abruptly south of Chota 
Udepur. Fow&garh hiU is an isolated mass ; and there is a larger tract composed of them 
around Dewad. A belt of them extends partly across Eitti&w&r, and another, five to ton miles 
broad, throughout the greater part of £[achh, the dip being to the south. Traces may 
perhaps be detected farther to the westward, as at Banikot in Sind, but no absolute proof of 
'their existence has been found. 

Intertrappean beds, — ^To these reference has just been made. The most important are 
limestone, calcareous shale, chert, and more rarely sandstone, containing in abundance remains 
of plants and freshwater shells, the most common being Physa, Lymnea, PcUudiiuit Mela* 
nia, Unto, &G, The beds containing these fossils have not hitherto been found more than 300 
or 400 feet above the base of the traps. Each bed can rarely be traoed for a longer distance 
than three or four miles, and seldom exceeds 2 to 3 feet in thickness ; but successive beds are met 
with, trap flows intervening, sometimes as many as three sedimentary intercalations being 
met with one above the other, and often differing from each other in mineral composition and 
in the fossils contained. That these beds have been deposited upon the underlying trap, and 
that the overlying flow has been poured over them, is clear, because the upper sur&oes of the 
freshwater bands are always hardened and altered (though sometimes to a very slight degree) 
and their base is unchanged. 
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In the Bombay Presidencj, the only known localities for these " Pkysa beds, " as they 
have been called from the prevalence of that shell (they are the Takli beds of Hislop), are near 
l>ewad (Dohnd) in the Bew& K4nt4 (Rogers, Quart. Jour. Oeol. Soc., 1870, p. 118,) and in 
Western Kachh, where they have recently been found by Mr. Fedden, of the Geological Survey, 
and near Kaladghi, where Mr. Foote, of the G^lc^cal Survey, discovered a thin bed of 
sandy marl lying beneath the lowest trap flow and the gneiss. 

Near Gokak, in Belg&on district, Mr. Foote found fossil Unios in a thin bed of sandstone 
resting on a flow of amygdaloidal trap, which forms locally the base of the trap series, 
and was poured out over the rugged surface of the gneiss. The sandstones overlap the 
amygdaloid bed in places, and rest directly on the gneiss. 

The intertrappean beds of Bombay belong to a very different horizon, being intercalated 
with the very highest trap flows hitherto explored, and their fossils are distinct, with one 
exception (a species of Cypris), from those found in the lower group of sedimentary deposits. 
The Bombay intertrappeans are composed of shale, and are of freshwater origin, as is proved 
by their containing frogs, freshwater tortoises,* Cyprides^ remains of insects, and land plants. 
As in the group near the base of the traps, there are in Bombay several successive deposits 
with lava-flows intervening. They have been traced into the island of Salsette, but not 
farther, probably for want of searching for them. 

The origin of these freshwater deposits is easily conceived. Flows of lava spreading 
over an uneven land-surface, cut into hills and valleys by subaerial denudation, must have 
dammed up the valleys of streams and converted them into lakes. Other flows might fill up 
the first lakes, but bj^ isolating fresh hollows would produce fresh ones, for the flows, however 
liquid, could not have presented an absolutely plane surface, and the. outbursts from different 
foci must have crossed and dammed up the hollows between flows from the same crater. 
The absence of sedimentary beds in th^ centre of the series may be due to the greater rapi- 
dity of deposition or to the peculiar climate produced by the wide spread of volcanic out- 
bursts and to want of rain. 

It is rather singular that fossils should be so much more common in the beds intercalated 
with the traps than in the Lamet&s at their base, although such shells as have been found in 
the latter are apparently similar to those met with in the former. 

The traps and their associated beds have been treated at somewhat greater length than 
the other rocks on account of their great importance in Bombay, and the remarkable geolo- 
gical interest attaching to them. 

y. — Oldbb Tbbtiabt Sbbies. 

The last of the great rock systems in ascending order is far less thoroughly known than 
most of those lower in the series. Although the abundance of organic remains found in it, 
foraminifera, corals, echinoderms, and mollusca in the lower beds, and bones of vertebrata in 
the higher, have attracted attention, not only in India, but amongst the palaeontologists of 
Earope, very much remains to be done before the sequence of beds and their faunse can be 
said to be properly known. It has been pointed out, and with every appearance of probabi- 
lity, that the fossil forms from Sind described in the ** Description des animaux fossiles du 
groupe nummulitique de V Inde '* by M. M. D*Archiac and Haime must have been 'derived 
from formations varying to a considerable degree in age, and it is highly probable that a 
thorough examination of the Sind rocks will show the necessity of sub-dividing them to a far 
greater extent than has hitherto been attempted. 

* The frog named Uana pttrilla by Owen baa been shown b; Dr. Stoliczka to be an 0^gh»nu. The tortoise 
Dimcd Teatmdo LeitUd by Dr. Ckrter is not a Teslndo (as indeed has been shown by Dr. Carter), but belonfrB to 
Bmy$ or tome allied genoi. 
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In the present state of our knowledge it appears to be most in aooordance with what 
information we possess to indade in the older tertiary series all the rooks in Western India 
above the trap up to and including the beds of Perim and the Siv^liks. It is tme that Dr. 
Falconer has pointed ont the connexion between the fituna of the Siv&liks and that now 
living, and the absence of any great break in the chain of life ; and it is possible that when 
the Indian tertiary formations are better known, a different sub-division to that now pi6poaed 
may be desirable ; but at present all that can be said is that the teriet as here proposed does 
appear to exist in Western India, and that^ so &r as is known, there is a break at its dose. 

So greatly do the beds of the Tertiaries vary, and so little has been done towards their 
correlation, that it is impracticable to describe them so generally as has been done in the case 
of the older formations ; and, in order to give a fair idea of them, it is necessary to explain 
briefly the succession of beds in the different districts in which they are found, commenoing 
in eastern Gif^riit and thence tracing them across to Sind. The general succession appears 
to be sandy and argillaceous beds deposited in part in rivers or estuaries, and contuning 
remains of land plants and animals at the top and base^ and marine beds, some of them 
limestones formed in deep water, in the middle of the series. This Ib especially the csAe to 
the westward. 

Surat and Bharoeh, — ^At the base of the tertiary formations near Sdrat are thick beds 
of ferruginous clay assuming, where exposed, the characteristic brown crust and pseudo- 
scoriaceous appearance of laterite, from which they differ in no respect. These at first sight 
appear to be of volcanic origin, an idea which is strengthened by the neighbourhood of the 
traps on which they rest, but close examination has shown that they are really sedimentary 
deposits, although composed in all probability of materials derived firom the disintegration 
and denudation of the trap. With them are interstratified beds of gravel or conglomerate 
containing agate pebbles (the agates derived firom the trap), and limestone, sometimes nearly 
pure, but more frequently sandy, argillaceous or ferruginous, and abounding in nummulitcs 
and other fossils, many of them identical with those found in Sind and in the £ocene rocks 
of Europe. 

Above the limestones and laterite beds there is found a great thickness of gravels, some- 
times cemented into a conglomerate, sandy clay and ferruginous sandstone, often nodular. 
These coptain fossils also, though not in such abundance as the lower limestones, and the 
species are different and perhaps belong to a higher horizon. Hitherto, however, they have 
not been properiy examined and compared. There is some evidence in favour of unconform- 
ity between the two groups ; the lower, which is well seen about Tark^sar and Quia east of 
Surat, being apparently overlapped by the higher beds to the northward. 

These higher beds are but poorly exposed in the Tapti river near Gutta and Slaijan, and 
in the Kim between Kimamli and EUao, but they are well seen in the stream which runs 
past Batanpur east of Bharoeh. Here they consist chiefly of sandstone, gravel, and conglo- 
merate, with occasional beds of red or white clay and shales. The pebbles in the gravels and 
conglomerates are mostly of agate and other quartzose minerab derived from the traps ; and 
from some of these beds the camelians and agates are obtained, which have firom time inune- 
morial supplied the lapidaries of Khambay&t. 

The Eocene rocks in Sdrat and Bharoeh form merely a firinge along the edge of the 
traps; and they are covered and concealed to the westward by alluvium. A few traces of 
them have been found south of the Tapti, but none have hitherto been detected north of 
the Narbada. 

Perim Island.— -I^he rocks of Perim Island in the Gulf of Khambayat are isolated ; and 
it is difficult to say whether they belong to the group just described, or whether they are a 
portion of a newe;r formation altogether. In some respects they resemble the beds of the 
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Efm and Tapti. The island is small and flat, uid the rocks being horizontal, very little is 
seen of them ; the most charaoteristie bed is a ooarse conglomerate containing blocks of fine 
sandstone and agate pebbles, "^th these are intermixed large masses of fossil wood and 
bones of various mammals, some of which have been identified with those of Sivdlik species. 
Amongst tiie remains found here are Mastodon laiidens, Sus, Dinotherium, Bramaiherium, 
and Camelopardalis. These mammals show the age of the beds to be Miocene* 

Kdttidusdr, — ^Ossiferous conglomerates like those of Perim are £)und also on the 
Eattiaw&r coast near Gogo, though bones appear to be less abundant than at Perim. The 
conglomerates rest upon thick blue day. These beds extend as a very narrow belt along the 
Katia£war coast to the neighbourhood of Gopnith. Here they are replaced to a great 
extent by mottled clays and coarse rubbly limestone, fossiliferous in places, upon which rests 
a fine-grained calcareous rock known as millioUte, which apparently marks a higher hori2son 
and will be described amongst the later Tertiary beds. 

Tlie mbbly limestone and clay is not fossiHfbrous near Gopnath, but becomes so &rther 
to the west. From Safirab&d to Patau it is concealed by milliolite ; but still more to the west- 
ward it is exposed in places and abounds in Eocene fossils. 

Kaehh, — ^The Nummulitic rocks and their associates are only found in the western part of 
S^achh, being overlapped by higher beds east of the neighbourhood of Mandavi. At their 
base, however, are some variegated days and beds of laterite which have a much wider 
distribution. These beds are conspicuous from their brilliant contrasts of colours, red, purple, 
and white, many of them being highly ferruginous. They sometimes contain pebbles of 
agate, and upon them rest coarse sandstones and red, brown, and white shales with impressions 
of land plants. The thickness of this group varies from 20 feet to about 200, increasing 
towards the north and east. They appear in general to rest conformably on the traps, and it 
is possible that the lowest beds which have in places a very ashy appearance may have been 
formed before the termination of the volcanic action to which the subjacent traps were due. 
This at least is Mr. Wynne's opinion. Nevertheless these clays and laterites locally, as at 
Mharr and near Laklipat, overlap the whole of the traps and rest upon the underlying 
Jurassic beds, a drcumstance which appears rather opposed to their being really conformable 
to the traps. 

Upon these variegated clays, in the western part of Kachh, rest conformably fine 
buninated shales, containing plant remains in places, and pyritous and bituminous towards 
the base. The fossils both in these beds and in the variegated clays are chiefly leaves, endoge- 
nous and exogenous. As will be seen presently, tiiese pyritous shales and richly coloured 
days with plant fossils are well developed in Sind. 

The general section of the Nmnmulitic beds in Kachh above the plant beds is the 
following, as abridged from Messrs. Wynne and Fedden's report :— 

DXSCENDING SECTION. 

Ft 

l.^<]3ays and shales occasionally sandy, with hard bands of 
shaly limestone or of marl, and a few sandy and 
oonglomeritic beds. The upper portion highly fossili- 
ferous ... ... ... ... 800 to 1,200 

2.— Sandy shales, mottled white or ferruginous, irregularly 

bedded, with impressions of leaves ... ... 100 

Dun-coloured and blue silty clays and shales, with 

minute crabs ... ... ... ... 30 

3. — ^NummuHtic marls and limestones — ^Fossils numerous ... 700 

4.-*Gypseous shales and xharls, with foraminifera, oysters, &c. 100 
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These are not r^olarly intenitratified ; some of the divisioiiB are of local oociurreiioe. 
No. 2 being only found on the flank of the Gaira hills, and a few other places^ while No. 4 
is also deficient in places. The thickness given is approximate only. 

The nummnlitio group, Ko. 3, consists of pale, yellow, and white argillaceous limestones 
with some sandy beds and shaly marls. The massive and compact nummulitic limestones 
of Sind do not appear to extend to the westward. 

The argillaceous group, No. 1, is the most important of all in Kachh, and it contains 
the greatest number and variety of fossils. It perhaps represents the clays and limestone of 
Ej&tti&w&r, and it may be the equivalent of the gravels and conglomerates of Itatanp^r 
near Bharoch. But it is fiir from clear that this is the case. 

West of Kachh the delta of the Indus makes a gpreat break in the belt of tertiary 
deposits bordering the coast, and when the rocks again emerge from beneath the alluvium in 
Sind, the border groups of India have been left behind, and the great nummulitic limestone 
tract entered, which extends from the Him&layas to the Mediterranean. In Sind itself no 
rocks older than the Tertiaries are known to occur, but to the west in Kelat, mesozoic and 
palffiozoic strata have been found by Dr. Cook, which are probably a continuation of the beds 
known to exist in the Salt Range. 

The following general section of the beds in Sind is given by Captain Vicary :— 

1. — Conglomerate. 

2. — Clays and sandstone. 

3.— Upper bone bed. 

4. — Sandstone — ^fossils rare. 

6. — ^Lower bone bed. 

6.— Ooarse, arenaoeo-calcareous rock, with Cf/therea exoleta? and C exarata, 

Spatangi, no nummulites. 
7. — ^Pale arenaceous limestone with HippoiUces, Nummulites and Charai<lea. 
8. — Nummulitic limestone of the Hal& range. 
9. — Black slates — ^thickness unknown. 

Probably a thorough examination of the country would produce some important modifi- 
cations in this list. What the black slates No. 9 may be it is difficult to say from Vicary's 
description, as he does not refer to them further, and it is doubtful if they occur within the 
limit of Sind. 

Beneath the limestone of the H&14 range and of Eotru (Eotree), which appear to be 
identical, there is a great thickness of variegated sands and clays containing leaves of plants, 
and in one or two places small lenticular beds of lignite. These beds undoubtedly represent 
the somewhat similar formation below the nummulitic marls and limestone of Kachh. A 
rough classification of the Sind rocks, so far as they are known, may be attempted thus : — 

DXSCBKDIKG SBCTIOK. 

1.— Conglomerates, clays and sandstone with fossil bones ; (Nos. 1 to 6 of Vicary). 
These are the equivalents of the Siv&lik and Perim beds, and are known to 
be of Miocene age. 

2. — ^Limestone, more or less pure, passing into sandstone and of variable character 
(6, 7, and 8 of Vicary.) Towards the base are massive beds of white lime- 
stone of great thickness abounding in Alveolina, a small spheroidal fora- 
minifer. It is highly probable that further examination will show the 
necessity of sub-dividing this group. 

3. — ^Variegated sands and gypseous clays, with remains of plants. 
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At yariichi itaelf the only locks seen belong to newer beds than any of those now 
deseribedy bat to the norih-west near Magar Pir an impure limestone is met with, oontaining 
nnmeroiiB mollnsca and opercnlina, but nnmmnlites are scarce if they occur at all. From 
Kardchi to Kotru (Kotree) various forms of nummulitic limestone cover the country. Near 
Eotru itself white compact limestone with Alveolina is found, whilst to the westward, a 
considerable area is covered by the variegated sands and days. Amongst these, north-west 
of Kotru, occurs the lignite of Lynyan, an attempt at mining which was once made. The 
quantity of the mineral was, however, found to be small owing to the rapid thinning out of 
the bed, and the quality was inferior. 

At B&nik6t, a gorge in the £ri hills, twenty miles west of the Indus at Magendan, and 
forty-five miles north«west of Kotru, about 1,000 feet of massive alveolina limestone rests 
on 1,300 feet of variegated sands and clays, at the base of which trap is seen. Whether this 
trap be intrusive or not has not been ascertained ; it appears stratified and is slightly amyg- 
daloidal. Of course, the occurrence of igneous rocks below the lowest of the rocks known to 
be asaodated with the nummulitic limestones recalls the similar association of variegated clays 
resting upon traps, these unmistakeably belonging to the Deccan series, in Kachh ; but it has 
by no means been definitely ascertained whether the trap in Sind is a representative of 
the Deccan series. The Eri hills are an outer ridge of the H414 range and terminate to 
the north at Sewan. The Hal& range stretching along the frontier is said to be entirely 
composed of limestone. Further to the north, and to the north-west of Sewan» conglo- 
merates and sandstones of Siv41ik age with mammalian bones are found along the flanks of 
the main limestone ranges. The greater part of Upper Sind is an alluvial plain, 

Laterite of the Deccan. — Although the age of the laterite found locally on the crest 
of the Sahyadri and in the southern Mar&tha country is extremely obscure, there appears 
some probability from its mode of occurrence that it should be referred to the older and not 
to the newer tertiaries. Its occurrence in isolated caps on various hills appears to indicate 
that all now seen is merely the remnant of a formation once far more widely spread, and its 
striking resemblance to the beds already mentioned as occurring in the Nummulitics of Sdrat 
renders it possible that the two may be of the same age. 

Laterite is essentially a clay strongly but unequally impregnated with iron peroxide, 
to which it owes its deep red colour, which, however, is fiir from uniform, the surfiice of a 
freshly broken fragment being veined and mottied with difierent tints, from white to deep 
red. Sometimes the appearance is almost that of a breccia from the angnlar white frag- 
ments enclosed. In some places, as at Bidar, the rock is intersected by small irregular tubes, 
lined with hydrated peroxide of iron, but these are not always present. The surface has 
a very characteristic appearance, being very irregular, owing to the washing away of so much 
of the clay as has not been impregnated with iron, and being covered with a glazed coating 
of hydrated iron peroxide or brown haematite. In the newer forms of laterite (for the rock 
is of various ages) grains of quartz and small pisolitic ferruginous concretions are usually 
found in considerable numbers, but in the rock which occurs at high elevations in the Deccan 
these are often deficient. 

Of the origin of this singular rock but little can be said. In consequence partly of 
its peculiar pseudo-scoriaceous appearance, and partiy of its occasional passage into decom- 
posed trap at its base, it has by many geologists been classed with tiie volcanic rocks. But 
it has never been found intercalated with traps, and it is met with interstratified in the 
sedimentary Eocene strata; moreover, its conformity to the trappean flows is only apparent, 
since the same laterite is found in some places resting on traps much lower in position than 
in others, e, g,, at Mahableshwar and Panchgain, it rests upon flows very high in the series, 
while at M4theT&n and Khand&la it is found on much lower beds. It is therefore fairly 
evident that the Deccan laterite is a rock of aqueous origin and newer than the volcanic 
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series, from the detritus of which it is probably formed ; bat by what process it has accaraa- 
lated — whether it be of marine, flaTtatile, or sabaSrial origin — ^is extremely difficult to 
say, the mora so because, as is frequently the case in highly fermginons rooks, no fbflsila aie 
found in it. 

Laterite has a remarkable power of resisting disintegration, and wherever a cap of it is 
found on a hill, the lower ground around, if suffidently flat, is covered with a thick coating 
of reconsolidated debris. The iron washed out of the laterite tends always to change any 
decomposed rock, such as trap or gneiss, beneath it into a substance so precisely resembling 
the laterite itself that there is generally an apparent passage from one rock to the other. 

YL— Uffsb Txbtuby akd bbcxkt beds. 

Of these rocks, like the last, the classification as yet is most imperfect ; indeed the fine 
drawn in some places between tiiem and the beds described in the last section is quite arbi- 
traiy. It is possible and even probable that some of the formatbns here included in each 
may ultimately have to be placed in the other series. 

Upper Tertiary hede ef Xdttidwdr, — ^Along the coast of the E&ttiiLw&r peninsula a 
fine porous calcareous rock occurs, which is widely known as miUiolite, or Porbandar stone, 
and exported under this latter name to Bombay for building purposes. It was found by 
Dr. Carter, who examined it, to consist of minute foraminifera with a few grains of quartz 
and hornblende. This rock varies much in mineral ch^uracter in different places ; near Gropn&th 
point, which is its easternmost extension, it is much less pure than to the westward, being 
much mixed with clay. It is everywhere strongly marked by irregular oblique lamination 
or false bedding, showing deposition by currents. 

Except the foraminifera the only fossils hitherto found have been Pupa insularis and 
some other recent species of land shelb which Mr. Theobald obtained. The occurrence of 
these shells is the principal reason for placing the bed amongst the newer Tertiaries ; although, 
as some existing forms are said to occur also in the Siv&Uks, the evidence must not be con- 
sidered as conclusive. Of the thickness attained by the miUiolite nothing trustworthy is 
recorded. It is found throughout nearfy the whole south coast of £[&ttiawar. 

Upper Thrtiaries of Kaekh. — ^In Eachh, there is a higher sub-division of the Tertiary 
beds, chiefly developed to the westward, that is, in that part of the province in which the 
older Tertiaries are wanting, and apparentiy unconformable to the latter. The following is 
the section given by Messrs. Wynne and Fedden : — 

Dbscbkding. 

Variable depodts, induding concrete beds of great thickness. 

Soft sandstones, shelly, calcareous and quartzose grits, gravels and conglomerates with 
trap pebbles and agates. 

Brown sands and sandstones with fossil wood. 

The thickness varies from 200 to 600 feet. The only distinguishable fossils are some 
large oysters, which are met with in the thick obliquely laminated concretes of the upper 
group. These oysters closely resemble the species now living on the coast of Kachh. It is 
not at all dear whether this concrete represents the miUiolite of Katti4w4r, or the sub-recent 
calcareous shelly rock to be hereafter described. 

Oiiffhrous gravels of river^valleys. — In parts of the Narbadi and Godivari valleys 
gravels have been met with containing bones of extinct manmialia much more nearly 
allied to existing forms than are the species found in the Sivaliks. In the Narbadii, the 
depodts of which have been fax more fully explored than any others, the bones belong to 
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species of JSlephas^ Hippopotamus, Sus, Equus, Bos, Cervus, ^c, associated with flaviatile 
shells of existing species. The age of these beds is by Dr. Falconer considered to be 
Pliocene. 

A skull belonging to EUphas Namadicus, one of the Narbad4 species, molars of Bos, 
and some other bones have been found in the banks of the Gk>d47ari near Faitan (Fyton) on 
the road from Ahmadnagar to Jalnah ; and in the same gravel a well-marked agate flake, 
which has every appearance of human manu&cture, was obtained by Mr. Wynne in 1865. 

There is every probability that these bone-gravels are dispersed over a large portion of 
the a)untiy, and enormous quantities of bones have been occasionally exposed in the Goda- 
van valley. An elephant s tusk was exhumed some years since by Dr. Cook near Sat&r&, 
and during the present year (1871) information has been received of the discovery (in lUgar) of 
a rhinoceros skull by Mr. Foote in the valley of the Ghbtparb4 near Gokdk. It is singular 
that no fossils have hitherto been obtained firom the Tapti valley in Khandesh. 

Surf ace gravels of 8ind, — The plains of lower Sind to the west of the Indus and in 
the n^ghbonrhood of the Hal4 range are covered over to a considerable depth with gravel, 
composed of limestone and sandstone pebbles derived from the hills. In places torrents 
have cut through thick accumulations of these beds. It is evident that these gravels con- 
sist of detritus carried down by the wash of rain and streams ; but from the denudation they 
have undergone in places portions of them must be of considerable antiquity. No organic 
remains appear to have been found in them ; but they are worthy of closer examination than 
they have hitherto received. 

Laterite of the Konkan,-^The laterite of the western coast is of later date than that 
of the Deocan ; and its derivative nature is proved by the occurrence of sand and small 
pebbles ; yet, except in being more sandy, it closely resembles the older rock, from the detritus 
of which it may be partly derived. It occurs as a thick bed capping the traps and forming 
a plateau at a general elevation near Batnagiri of between 200 and 300 feet above the sea. 
It had once covered the whole country ; but numerous ravines have been cut out of it by 
streams. At Batnagiii there is a bed of white clay containing remains of plants below the 
laterite. 

The mode of formation of this rock in the Konkan is nearly as obscure as in the 
Beocan ; but its position in this case renders it more probable that it may have been origin- 
ally a submarine formation, deposited at a period when the Konkan was at a lower level and 
the sea washed against the cHffs of the western ghAts. It is not easy to say whether this 
really was the case, but there is no improbability in it. The deposit may have been greatly 
changed by subaerial action after its emergence. 

Laterite is not found far north of Batnagiri, and near that place only extends about fif- 
teen to twenty miles inland. It extends farther towards the foot of the gh&ts near Phonda 
gh&t, but in Sawantwari is again limited to a band ten to fifteen miles broad. It covers a 
considerable area in the Goa territory. 

Patches occur at a lower level scattered over the country ; but these consist of a kind 
more mixed with gravel and sandstone. The peculiar character of this rock and the tendency 
of the detritus firom it to reconsolidate must always be borne in mind when examining it. 

Alluvium of Sind, Kachh and Gujrdt — ^In the north-western part of the Bombay 
Presidency there are extensive alluvial plains to which, in a sketch of the geology of Western 
India, a few words must be devoted. The sands and clays of which they consist are 
river-valley and delta deposits, washed down by the streams, and accumulated in the lower 
porticma of their course and at their mouths. By far the most important of these compose 
the great plain extending to the east from the Indus^ 
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A glance at the map will show that from H&idar&b6d in Sind to Ahmad&bM in Gdjnt 
18 an almost unbroken flat. This flat is the south-western extremity of the great plain which 
stretches across Northern India and comprises the TsUeys of the Indus and Granges. That 
this plain was at one time an open sea is suggested partly by the line of diyision which it 
forms between the two entirely distinct geological provinces of the Indian peninsula and the 
Himalayas, partly by the Tertiary marine beds wliich fringe so large a portion of its edges. 
The high grounds of Eachh and E4tti4w&r are surrounded on all sides by portions of this 
flat orby theise& 

There appears much probability that the oonvendon of this vast area into land has been 
due in great measure to the silt, sand and gravel brought down by the various streams and 
rivers which emerge from the Himalayas and Bildchist&n on one side and from the Indian 
peninsula on the other. The process has doubtless been gradual and is still in progress. 
Locally, devation may have aided, but, on the whole, there is probably at least as much 
reason to assume depression to have been the prevailing movement of the sutfiice. 

The Ran of Kachh appears to have been an inlet of the sea which has been gradually 
filled up by the silt deposited from the streams which enter it This tract of countiy is still 
in a debateable condition, being covered with water in the south-west monsoon, when the floods 
brought down by the Beaiia and Loni, and by the small streams of Kachh, are forced 
back by the waters of the Gulf of Kachh and the old KoH mouth of the Indus, rused above 
their usual level by [the fo]x» of the south-west wind, whil^ during the remainder of the 
year the whole region is diy land, except in patches. There is a tradition that, at no distant 
period, the Ban was a navigable inland sea ; and the appearance of its shores, with the occur- 
rence of subrecent marine deposits, confirm this idea, although the period of its converdon 
into dry land remains doubtful, tiie evidence of tiie discovery of old boats being confined to 
localities which may have been covered with water after the greater part of the region was 
dry land.* Formerly it is probable that the eastern branch of the river Indus discharged 
itself into the Ban, and the quantity of silt deposited may have been much greater than is 
now the case. 

On the eastern side of K&tti&w&r the Gulf of Khamb&yat is also said to be silting 
up. The evidence as to the rapidity of the process is not conclusive, but it may fairly 
be assumed tiiat a gradual extension of the coast is taking place. On the east of the gulf, 
the Sabarmati, M&lu, and Narbad4, the last being one of the great rivers of the Indian 
peninsula, all discharge themselves ; and the quantity of silt and detritus brought down by 
them must be very great 

That the Gulf of Khamb&yat once communicated with the Ban is probable, as a belt of 
low land, including the brackish marsh known as the Kal, still connects them. Mr. Bogers 
(Quart Jour. €^. Soc., 1870, p. 118) has pointed out that while the black soil of 
southern Gujr&t is probably derived from the neighbouring trap rocks, the light-coloured 
alluvium to the northwards may have been brought down by the rivers flowing fit>m countries 
still further to the north ; and he has speculated on the possibility of the Indus having once 
disdiarged its waters in this direction. 

Elevation may also have played its part in the conversion of these alluvial tracts into 
dry ground ; and there is better reason for suspecting its action here than fiurther to the 
northward ; for, along the south coast of K4tti&wdr marks of a comparatively recent rise 
are numerous. In a MS. report by Mr. Theobald, written in 1868, mention is made of the 
occurrence of barnacles and serpulse on the foundations of an old building beside a creek at 



* Nothing appears to be said of any sea north of Kachh by the Baddhift-Chineae tnTellers of the seTOith 
watarj.—See Cunningham's Ancient Geography of India, Vol. I, p. 308, 
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Patan, which are now only reached by high floods ; and dead oysters, evidently quite recent, 
were foand in various creeks and especially in one at Porhandar, 20 feet above the level at 
which they now live. The evidence collected by Mr. Theobald a]^eared to show that a rise of 
10 feet had taken place in the coarse of the year 1866. The changes of level in the Ban of 
Eacbh daring the earthquake of 181& are well known, but in that instance, elevation of one 
tract was accompanied by depression in another. The vast expanse of water which Sir 
A. Bumes found around Sindri in 1828 has, however, now been mainly reconverted into dry 
land ; and Mr. Wynne in 1868 reached the ruins of Sindri fort from Kachh on a camel. 
This change appears due to the deposition of silt, the cause to< which may be attributed 
the oonversien of the whole Ban into a land area. 

Alluvium^ besides occupying the delta of the Indnsi the Ban ef Kadih, the southern 
coast of the same province, and a large tract extending northward and eastward from the Gulf 
of Ehambiyat, covers nearly the whole of Siirat district, and occupies a considerable proportion 
of the country to the southward, forming plains which, near the coast, intervene between the 
trap hills as fax south as Bombay. It appears probable that some of the hills in the Northern 
Konkan have been promontories or even islands in the sea, and it is recorded that within his* 
torical times the lulls of Bombay island were unconnected with' each other. Their union has 
been due partly to artificial means, but chiefly to the accumulation of sand and silt. Unques- 
tionably, unless man interfere, er some great change take p&ce in the configuration of the 
country, the harbour of Bombay, the sole survivor of the inlets, which must once have been 
nunerous, must be gradually silted up> in the course of age. But as no stream of importance 
enters the harbour, the process is not likely to be so rapid as t& cause serious concern as yet 
to those interested in the commerce of the port. 

Littoral concrete, — ^An agglutinated calcareous mass of shells and gravel is found in 
many places along the coast. Some is seen in Bombay island, the esplanade consisting of 
it, and a part of the fort being built upon it ; it also occurs at Mahim and in places on the 
shores of the harbour. To the northward it is met with here and there as far as Damin ; 
it may show slight elevation of the coast line, but the amount of rise is very trifling. 

Upon the milliolite of E&tti&w&r the same formation is much more largely developed. 
It here assumes the appearance of a calcareous grit, containing marine shells and corals, and 
occasionally attaining a thickness of 60 feet The species of animals found in it are, so for 
as is known, identical with those now inhabiting the coast. The evidence thus afforded of a 
recent elevation is an addition to that previously q^uoted. 

Blaei *o»/.— Soils scarcely enter into the geology of a country, as they are simply the 
sni&ce altered by exposure, organic agency and agriculture, but it is impossible entirely 
to overlook the widely spread "rigar" or "cotton soil." This is a black, grey or brown 
loam, varying much in character ; tenacious and adhesive when wetted ; light, crumbling 
and intersected by cracks when dry. It is found throughout the trap area, being in this 
instance a product of the decomposition of the volcanic rock, and every step in the passage 
from one to the other may often be witnessed in small roadside sections. It does not, 
however. Mow that all soils derived from the trap are black, nor that no black soil is 
produced by the decomposition of other rocks. Bed soil is often seen within the trap area ; 
and true cotton soil, inferior in fertility, however, to that produced by the volcanic formations, 
is met with in Southern India, in the E4veri valley for instance, in a country which there 
is no reason to suppose ever contained trap. A very similar black alluvial deposit forms 
in the back-waters of the coast. 

"Bigar," in shorty appears to be a more or less argillaceous soil, impregnated with 
organic matter. 
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In the preceding sketch no attempt has been made to ¥nrite a geolo^cal history of the 
eonntiy ; for that purpose far more dat)i must be aocumnlated than are at present available. 
Very much remains to be done before the geology of Western India can be said to be even 
tolerably well known. Of the rocks in many parts of this immense area, no descriptionB 
exist except occasional notes collected by travellers ; and even in the portions to which the 
Geological Survey has been extended, the examination has, in many cases, been but partial 
and preliminary. There is yet a wide field open to the geologist and naturalist, 'and iihere 
is no part of India which will in all probability more thoroughly repay careful search and 
enquiry than the Bombay Presidency. The chemical and lithological peculiarities of the 
trap formations and the minerals contained ; the fauna and flora of the intertrappean beds; 
the multitude of organic forms in the Nummulitic rocks of Gujrat, Kachh, and Sind ; the 
mammalian bones of the Miocene and Pliocene conglomerates and gravels ; — all promise 
a mass of important discoveries to any one who will devote time and labour to their 
investigation. 

W. T. BLANFORD. 
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IiTDiA. — Selections from the records of the Government of India, Foreign Department, 

No. 84 Report on the political administration of the Baj- 
pootana States, 1870-71, (1872), 8vo., Calcutta. 

GOYEBNMBVT 07 IkDIA. 

„ Selections from the records of the GoTemment of India, Foreign Department, 

Now 86. Report on the political administration of the terri- 
tories comprised within the Central India Agency for the year 
1870-71, by Major General H. D. Daly, c. B^ (1872), 8vo., 
Calcutta. 

GoYBBlfMBKT OF IltPU.. 

„ Tbmplb, Si& Richabd.— Financial Statement, 1872-73; (1872), 8vo., Calcutta. 

(xOyBBSMBNT OF IhDIA. 

„ Thuillibb, Col. H. L. — General Report on the topographical surveys of India 

and of the Surveyor General's Department, Head Quarter 
Establishment, for season 1870-71, (1872), flsc, Calcutta. 

SUBYBYOB GbITBBAL OF IkDIA. 

„ Waxbbhousb, Lietjt. J. — Report on the cartographic applications of photography, 

1870, 8vo., Calcutta. 

SUBYEYOB GeNEBIL OF InDIA. 

TRANSACTIONS, Ac. 

Ai7GUSTA.^Fourth Report of the Commissioners of Fisheries of the State of Maine for the 
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Note, — The following mistakes escaped notice in the first part of the 
present volume : — 

Tage 18, line 8, from bottom, for Hsematite read Tremolite. 
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NOTB OM SXPL0SATI09 FOB COAL IN THX NOETHBSN BBOION OF THB SaTPUBA BASIN, hi/ 

H. R Mbdlicott, m. a., f. o. s., Deputy Superintendent, Oeological Survey of 
India. 

In anticipation of a detailed report of work in the Satpnra ooal basin, this notice is given of 
any reanlts of practical interest. The coal mines of the Sitariva, and the explorations in connec- 
tion with them as working from the only outcrop of the measures on the north-side of the Satpnra 
basm, have natorally been looked to for information to guide us in estimating the chances of suc- 
cess in other analogous positions. In previous reports I have mentioned the disappointing want 
of information derived from this source, and I regret that the same disappointment has again to 
be expressed regarding the point upon which information was most needed — the extension of 
the ooal seams to the south, towards the dip of the basin. A boring was attempted this year 
at the edge of the Sitariva, south of the present colliery ; but it came to a staud-still at 194 
feet, in the Mahad^v4 clay and conglomerate, short of the calculated depth at which the 
measures might have been struck. Upon this most important point, therefore, we still know 
no more than might be learned from the exposed outcrops. It was always upon success in 
this direction that the best prospects of the mining concern were considered to lie ; so, to a 
great extent, it may be said that those prospects are as good as ever they were. The some- 
what intricate stratigraphical features noticed in my detailed report of last season's field work 
may add some little anxiety as to the depth to which the coal may have to be followed ; but 
practically this should at present only add to the urgency for vigorously prosecuting the 
exploration to allow for the opening out of a new mine in deep ground before the exhaustion 
of the very limited supply at present available. 

Notice has also to be taken of a failure of a more positive kind in connection with the 
exploration of the field within the outcrop of the measures between the present mines and 
the north boundary of the basin. In reporting upon the field in May 1870, before anything 
had been done to try the ground, I stated the geological possibilities of the case thus : — "It 
may be said that there are about two miles of known outcrop, the coal being obscurely visible 
at the suHaoe at several spots along the curved line between the two collieries, but its thick' 
nesaorits quality in that position has not been tried. Assuming it to maintain a mean 
thickness of workable coal between the aggregates at the two collieries, say 25 feet, 
(at the rate of 1,000 tons per foot of thickness per acre of seam), we should have 400,000 tons 
for every 66 feet down the seam along the whole length of two miles. As at many places 
the seam may be followed for many hundred feet, it is apparent that, without any very 
unwarrantable assumption, we may count upon a large supply of coal for many years to come." 
I observe in a recent report of the Narbadd Coal and Iron Company (published in the 
* Mining Journal' for July 6th, 1872), use has been made of the last words of thb quotation, 
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without any mention of the conditions so pointedly attached to them, and without any notioe 
of the nn&vorahle realization of those conditions as proved in snhseqnent trials and as already 
pnhlished in my report of May 1871 (Bee. Gbol. Snr., Vol. lY., page 67). Some farther trials 
during the past season in the same ground to the north of the mines have not resulted in 
anything more hopeftil. Shallow pits and galleries were driven upon the outcrop in seyeral 
places, but the seam, besides being greatly crushed, exhibits much original impoverisbment, 
shale having to a great extent taken the place of coaL It is certain, however, that this 
change is only a local accident, not a steady northerly extension of the coal, for in the vertical 
seams still further north, in the abandoned mines of the Sitariva Company, the coal, though 
ruined by the crushing it has undergone, does undoubtedly represent a rich deposit. 

This £eiot of rapid local change suggests an explanation of a very puzzling stmctonJ 
feature in the Narbadd Company's mine. It has been often mentioned how the massive 
bed of coal stops out on the north-east against a steep £eu» of sandstone. Although there 
were little or no signs of frictiou, and sometimes not even of crushing in the coal, this feature 
was accepted as a fault, having, according to the ordinary rule, an upthrow on the north-east. 
On this supposition a gallery was driven across the bedding, the dip being north-easterly, 
to find the coal beyond the fault ; shafts were also sunk on the hill above the fault on the 
north-east, but without any success. On the chance of its being a reverse fault, a boring was 
driven to some depth, the shaft of the mine under the river proving the same ground, but the 
seam was not found. It was thus plain that, if a faulty it must have a very considerable 
throw. Against this, however, some very strong d priori reasons were existent. The boun- 
dary of the two formations sweeps across the run of this supposed &ult without any dis- 
placement, showing that the age of the fault (if it existed) must be older than the Mahad^va 
beds, and on the other hand the constant parallelism of the strata in the two formations, with 
great steadiness of horizon in the lower group at the boundary, would be almost incompatible 
with so great a disturbance affecting the lower group only. There is some direct evidence in 
support of these arguments ; in the gallery and the shafts driven beyond the ' &ult' in search 
of the seam, a quantity of hard black sandy clay with thin strings of coal was cut, for which, 
unless it represent the seam, no horizon could be assigned. I believe then that this is only a 
fault in the wider sense given to the term by miners of the nature of what is sometimes 
called a ' horse-back,' a thick drift of sand against which the coal deposit ended. An analo- 
gous feature occurs in the new mine on the lower seams ; these stop abruptly against an east- 
west fault, of which a section is exposed in one of the road cuttings, showing certainly 
some slipping along the crack, but in the position of the seams beyond this small slip there is 
only found a band of coaly shale and even this dies out within a i^w yards. 

Regarding the exploration of the Satpura coal basin in other regions, I would strongly 
recommend that efficient trial be made both in the Dudhi and Tawa valleys at some distance 
from the north boundary of the field. In my detailed geological description of the ground 
I notice some features which complicate very much the calculation of the depth at which the 
ooal may be cut ; indeed any estimate at present without any local precedent to guide one 
would be no more than a guess. The analogy of other Indian coal-fields, so far as known, is 
altogether in favour of the coal here being within a workable depth. I would recommend 
Budi, in the Dudhi valley, and the banks of the Suk Tawa, south of Kesla, in the Tawa 
region, as suitable places for trial borings. An analogous position might be chosen at Bichla 
on the Sitariva. All these places would be clear of the unfavorable conditions — coarse con- 
glomerates, high dips,and copious trap intrusions — which increase the difficulties of exploration 
close to the boundary of the field, as has been so unfortunately experienced in the trials made 
by the Narbada Company ; the borings they have attempted to the south have ' come to 
grief at small depths in the coarse conglomerate. The only inducement to keep near the 
boundary there, was to be more or less within known and calculable conditions. In choosing 
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actual sites for borings in the positions now recommended, the point may be decided entirely 
with reference to the oonTenience of surface conditions for the operation, the geological 
data being so Tagne as to leave the exact point immaterial within a considerable range ; only, 
giTe a wide berth to trap dykes. 

The diflcnssion of last season's observations on the north boandaiy of the Satpnra basin 
has led to an inference of the possibility of coal being found in the Narbad4 valley itself. 
Shallow borings throogh the alluvial deposits would show whether these were underlaid by- 
the metamorphics, or by formations belonging to the coal series. I would recommend 
Gadurwara and Bankeri as suitable positions for this experiment. 

H. B. MBDLICOTT. 
August 1872. 



NOTB Oir THB TALXTB OF THE BTIDBNCB AFFOBDBD BT BilSBD OT8TBB Bi^KES OK THB 

COA8T8 OF India, iir bstihatino thb amount of blbyation indicatbd thbbbbt, 
by Wm. Thbobald, Geological Survey of India. 

In a paper 4n the Records of the Geolo^cal Sarvey, Fart 3 of 1872, on the 
geology of the Bombay Presidency, Mr. Blanford quotes some observations made 
by myseH in 1858, establishing the elevation of a portion of the Eattiawar coast during 
very recent times, and it is with reference to some of the evidence adduced in support of this 
assertion, and in order to correct an error caused by misreading of my notes, that I would 
here offer a few remarks. Mr. Blanford {loc. cit), page 101, makes my estimate of the 
rise in the coast that took place in 1856 to amount to ten feet, a misreading for two, 
the words used by me being as follow :— 

" Many of these oysters are seen with both valves attached, and evidently but recently 
dead ; and as oysters of this size are never uncovered, I presume that an elevatory move- 
ment of at least two feet, and probably more, took place in 1856, the year when all the 
oysters in the creek were destroyed". Of course a clerical error of this sort is very easily 
made, and in this instance the actual amount of elevation that took place may in reality 
have been nearer ten than two feet. The evidence, of course, of the occurrence of oysters 
of a sort never exposed by spring tides above low water mark is conclusive, but does not 
permit a very exact gauge as to its amount. There is, however, another point connected 
with the question on which I would record a caution. There are on the coasts of India three 
species of oysters which are likely to be made use of in determining questions of littoral eleva- 
tion, viz,, the creek oyster, the shore oyster, and the rock oyster. The creek oyster is a 
Luge species something like the fossil 0. lingula. Sow., and possibly, Dr. Stoliczka thinks, iden- 
tical with 0. Tdlien'wahensistQToasiQ, and attaining occasionally the length of afoot. It is ex- 
cellent eating and universally esteemed, but it is only procurable at the springs, as it rarely 
occurs in less depth than a little below lowest spring tides, and never, as a rule, above that 
level. 

The second species b, in my opinion, merely a variety of the last, and Mr. Hanley, io whom 
I submitted specimens, declared they were barely distinguishable from the European 0. 
edulis, L. This species occurs sporadically between tide-marks both on the coast of 
Eattiawar and the eastern shores of the Bay of Bengal, in common with both the other 
species, and from its sparse mode of occurrence is, in my opinion, merely an abnorma form of 
the first, reduced in size and altered in appearance by the uncongenial surrounding amidst 
which it has been developed. A specimen collected by myself of this form is figured as O. 
nigremarginata. Sow. in Conch. Iconica, Plate XXXIII, 84. The third species is the little 
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slipper oyster 0. cucuUaia, Bom, wMcli is seen cnuting every Borf-beaten rock wherein 
little else save a limpet or barnacle oonld make good their hold. This oyster is eaten 
largely, and is generally wholesome, but as it oocors in creeks and spots where it becomes 
subjected to very nnaataral conditions a little caution should be exercised, as under circum- 
stances it becomes, I believe, unwholesome. In places exposed to the open sea and the roll of 
tho breakers, it would seem to flourish vigorously anywhere between tide marks, but in 
more sheltered spots its proper range seems to be lower, although its vitality is such that 
there seems to be no spot to which the fry can gain access, whereon they will not grow to 
maturity. As an instance of this I will mention one case on the Arakan coast, where I noticed 
this species growing at the extreme (neap) high water level ; indeed I may say above it, 
where the oyster could never have obtained two hours continuous immersion at any time, and 
that only during a few days in the month whilst for many days together it must have romained 
with its valves closed. The spot where this was noticed by me was a small island off the 
coast on its sheltered side. The rocks were sandstone and there was no shelter from the 
sea. I landed at high water (neaps), and the oysters I saw along the margin of the water 
were, it seemed to me, dead judging from that position. On knocking off one, however, with 
a hammer, I found it was alive, and on putting it into my mouth remarked that it felt un- 
pleasantly warm. From this we may draw the conclusion that in investigating a raised beech 
or littoral tract the evidence afforded by the presence of the small 0. cucullata only reaches 
conclusively to demonstrate the differonce between the spot raised and kigk water mark, 
and that without additional evidence no greater amount of elevation can be deduced there- 
from ; whilst the presence of the larger creek oyster in any raised deposit may be held to 
establish the elevation of the spot it occupied to the full amount of the interval between it 
and low water mark. In all accounts, therefore, wheroin oysters are recorded as raised, it is 
very important to obtain specific information as to which oyster is meant^ the difference 
involved in the discrimination amounting to the entire height to which the tide nses in the 
locality in question. 



Note on a possible field of coal ubasubbs in the GoDATABf DisTBTCT, Madkas 
FuEsiDENCT, hy William Kino, b. a.. Deputy Superintendent, Geological Survey 
of India. 

About twenty miles to the westward of B4j&maMndri there is a great area of 
brown and red Kamihi sandstones, &c., which was very rapidly examined and subsequently 
described by Mr. W. T. Blanford. * One of the desiderata of this examination was to 
iiscertain if any further indications of underlying coal-bearing rocks existed than those 
already known on the Godavari river, but Mr. Blanford was only successful in finding 
a small field of these, to which he refers as follows :— *" In only one place was any rock 
Been which had a distinctly Bardkar character. This lies south of the vUlage of Bed&- 
nol, nearly due east of Ashraopetta, in a stream, and even in this case the rock was only 
white fehtpathic grit unaocompai^ied by shale or any other typical Damuda formation." 

During the latter part of the working season just concluded, I have had an oppor- 
tunity of going more closely over so much of Mr. Blanford's area as lies within the God4- 
van and Kistna districts, but still without having found any other locality than the 
one pointed out by him. Neither could I, here, find any trace of coal, nor is there any 
knowledge in the neighbourhood of its ever having been seen. There is yet, however, the 
possibility of a seam being fuund by closer search, considering that there are in the stream 



* Bee. Q. 8. of I^ 1871, p»ge i, 1673, page 1. 
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ooiineB nnmeTOus sand-filled gaps between outcrops of rock which may be scoured out 
differently every season and may thus show coal which we have missed*. 

The absence of shale, as noticed by Mr. Blanford, is not necessarily of material conse- 
qnencei as local experience shows, for no shales are exposed in either the Singareny, or 
Pungady Vagu (Kam4rum, Nizam's dominions) fields, the coal seams in both cases being 
sharply interstratified with sandstones. 

This being, up to the present, the only known locality in the Madras Presidency Proper 
of sandstones belonging to the Indian coal-bearing rocks, it possesses more interest than 
it possibly deserves from thoi small extent of the field and absence of any absolute indica- 
tions of coal. On this account, as well as because it may be found advisable to try the field 
by boring, the following short details are given. 

The field of these Beddadanol beds is about 5} square miles in extent^ being situated on 
the head waters of a large feeder of the Terra Ealwa, with the village, or rather few huts, of 
Beddadanol in its midst. It is some thirty-eight miles west-north-west of Rdjimahindri, and 
about four miles or so from the boundary of the Nizam's dominions near Ashwarowpetta. 
The nearest large village, Gunnapawarum, lies a mile and half to the south. The area of 
sandstones is itself covered by thick tree-jungle and very thinly populated. 

The strata extend for some width on either side of the river ; on the left there is a 
width of little more than a mile, with a length of something more than four miles, while 
the patch is narrower on the right, being about a mile wide in the middle and thinning ofi^ 
to the north and south. The rocks are thick and* thin bedded, coarse felspathic sandstones, 
rather fiiable, of white or pale grey and buff colors, weathering much darker. They occa- 
sionally exhibit ferruginous concretions on the weathered surface like the sandstones of 
the same group at Ling&la on the God&varf . Generally, the resemblance to the sandstones 
of the Singareny coal-field is most striking. The dip is, as a rule, south-west or westwards 
at low angles of 2**, 5^, 10°, and there are occasional undulations. 

Ic the small stream south of Beddadanol there is a tolerably continuous outcrop of 
sandstones, having a general dip of 2°— *5° to south-west, with frequent easy rolls all down 
the bed until it debouches on the main stream. Very much the same kind of section is 
seen up the nullah north of the village, and again in a side stream further north. In the 
main river there are frequent outcrops of these sandstones below the junction of the first 
feeder mentioned above, and away in the jungle on either bank : but the best outcrops are 
seen higher up at the watering place north-west of Beddadanol, and thence upwards along 
the river course. Here there is a good deal of sandstone displayed on either side of the 
stream in thick beds, having an easy dip to the west. These are overlaid by a more compact 
and hard brown bed which seems to mark the change upwards into Kamthi beds, as it is suc- 
ceeded by thinner yellow strata, and then by the red purple and brown beds so characteris- 
tic of that series in this part of the country. 

It is very difficult to estimate the thickness of the Bardkar* as developed in the area 
under notice, owing to the frequent rollings of the strata ; but as far as could be made out 
OQ the three stream traverses of the Beddadanol side of the field, there must be at least 
300 feet without reckoning the strata on the other side of the river which are not at all 
so clearly seen. 

* Aa an instance of the rarity of exposure of coal seams, the case of the Sin^carenj (See Sec. Q. 8. of I., toI. V., 
part 2) ooal field may be cited, the seam having only become exposed by. the merest accident of the water in the 
stream being so low. 
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To the west of the field, the land rising to the low flat-topped hills of Peimmpoodeet 
&c., is all made np of Xamtkis, under which . the Beddadanol Bardkan may extend for 
any distance, though they will— if such he the case— he at too great a depth to justify mere 
trial horing, unless some hotter evidence of coal can be obtained from the sandstones now 
exposed. Along the eastern edge of the field the strata are lying directly on qnartzose 
gneiss, without any interpolation of Talchirt. Indeed, around the edge of the whole of 
the area in the two districts now referred to there is no occurrence of these latter rocks ; 
the KamthUf except in Beddadanol neighbourhood, resting on gneiss. 

On the whole, it is very much to he feared that there is here only a small patch of 
Bardkars which does not extend far under the Kamthis ; so that, if coal were eventually 
struck, the quantity would be so small as to be merely sufficient for local use. According to 
all the observations and conclusions of my colleagues who have worked at the coal rocks of 
India* it seems pretty clearly established, that the Damudas, so extensively developed in 
Bengal, became of less and less importance to the west and south-west, the Baneegunge beda 
eventually being entirely absent or represented by rocks containing no coal, until there was 
only a series of small outlying basins of the lowest group or Bardkars deposited on the lower 
part of the 6od4varf valley which now remain as the coal-fields on the Pungady Vaga 
(Kam&rum) and at Singareny, and last the sandstones of Beddadanol. On the other hand* 
the Kamthis, considered to be in part at least representative of a higher series (Panchet) 
have thickened out greatly in this direction, and constitute the great area of sandstones to 
the north of Ellore and west of the Godavarf ; which have in no case been found to contain 
coal. 

There may, of course, be other patches of Bardkars under this spread of Kamthis, 
but it would be working on mere chance, and at a most enormous cost, to attempt to pierce at 
random through this thick series on the expectation of striking on any hidden coal store. 
The succession of these Kamthis is so clear one bed under the other for the whole distance 
across the strike from south-west to north-east, at a varying dip of 5^, 10°, 20^, to the south- 
west, without once a sufficient undulation to bring the bottom beds nearer to the surface than 
they can be struck along the north-east edge of the field, that all borings would run to an 
enormous depth. The only locality where at one time there appeared the slightest chance 
of finding lower beds brought nearer to the surface was in the Ponakamaud Station range 
of hills, about 24 miles due north of Ellore, but it was soon found that the strata on the 
north-east slopes of the range were still underlaid by many hundreds of feet of beds of the 
same series. 

Nevertheless, the finding of coal in the Madras Presidency is of such vital importance 
that it seems advisable to have a series of borings made in the Beddadanol field. A very 
few trials, and these of no great depth, possibly not more than 300 feet at the most — and 
even this depth could to a great extent be avoided by putting short bore-holes do?m in a line 
across the strike — would settle a question liable to crop up continually so long as it was 
believed that sandstones of the coal measures existed in the Godivari district which had not 
been explored in this way. Boring tools could probably be obtained from the dep6ts on the 
adjoining Grodavari works, and possibly competent parties to take charge of the trials. 

WILLIAM KING. 

* Bee Rec G. B. of I., part 8, toL IV. 
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NoTB 09 THE Lkuitrk OB Ikfsa-tbapfban FoBMATtON OP Cbntbal India, hif H. B. 
Mbdlicott, m. a., f. o. 8., Deputy Superinteiidenit Geological Survey of India, 

Recent work enables us to record some fresh observations regarding the formation 
denoted in the publications of the Geological Sorvey as the Lam6ta or the infra-trappean 
group of Central India. Although never more than from one to two hundred feet 
in thickness it has a wide range, occurring continuously for great distances along the 
eastern base of the Deocan trap ; from the Narbad4 valley round by Amarkantak to the 
Nagpdr and Chand4 country. It is principally of interest for the evidence it may give as 
to the age of the great volcanic formation with which it is so closely connected. Its 
position in this question is apparently conflicting, and offers an interesting test of the 
independent application of palsontological determinations. Examined from the east 
these deposits would certainly be (and have been) identified with the very similar inter- 
trappean beds occurring in the adjoining sections; and these have been considered to be Eocene. 
This opinion was first formed from the/actM of the fresh water and terrestrial fossils, 
which are the only organic remains found in these intertrappeans in the upland country ; 
but it has received support from the examination of the few marine fossils found associated 
with the others in the distant outlier at Bajamahindri near the mouth of the God&veri. 
This position is geographically related to that of the upper cretaceous deposits of Trichi- 
nopoli ; but Dr. Stoliczka has found that the marine fossils of the B4j&mahindri inter- 
trappeans are distinct from any occurring in those topmost cretaceous deposits. On the 
other hand, examined from the west, up the Narbadd valley, the Lam^ta beds would be 
(and have been) connected with the infra-trappean deposits of B£gh and Barwai , and these 
are cretaceous (Middle Cretaceous according to Dr. Martin Duncan, Quar. Jour. Geol. Soc., 
London, Vol. XXI, p. 349). 

The last discussion of this question was by Mr. W. T. Blanford (in Vol. YI, Mem. 
Geol. Sur., pp. 156-160 and 207-218, and Rec Geol. 8ur., Vol. Y, pp. 88-93), and a 
strong case was made for the correspondence of certain infra-trappean deposits through- 
out the Karbad& valley. Mr. Blanford's remarks upon the eastern area were not all based 
upon his own observations, but partly upon previous work of old date on the Narbada 
coal-basin (1. c, Yol II), in which it was conjectured that the Lam^ta beds on the east 
might be the equivalent of the M&had^vd sandstones of the Pachmari hills. He was thus 
led to assimilate the calcareous portion of the B&gh series and the sandstones conformably 
underlying them to the Lam^ta limestone and to the M&h&d^v4 sandstone respectively. 
Recent detailed work has shown that all the rocks known as Mahad4v& in the Narbad& 
region belong to a great plant-bearing series, the youngest member of which is the 
Jabalpdr (Jurassic) group ; the Lam^ta deposits being totally unconformable to this group. 
This separation of the Lam^ta and M&had^vd groups is so wide that were Mr. Blanford's 
conjectural identification of the sandstones confirmed, it would give very strong presumption 
of the separation of the two limestones ; but it was upon the correspondence of these that 
Mr. Blanford laid most stress ; and for them the case stands much as he left it ; the 
stratigraphical break between the cretaceous deposits of B&gh and the trap overlying them 
being much less marked than the break between , the trap and the nummulitics of Siirat 
and Bharoch. Mr. Blanford was disposed to consider the volcanic formation to be 
more nearly cretaceous than tertiaiy. The comparison of the Rdjamahindri fossils had 
not then been made, but Mr. Blanford, to some extent, anticipated the result by saying 
that *' exact specific identity can scarcely be expected, the B4jamahindri band being, 
I think, estuarine, while all the Trichinopoli beds are purely marine." The separation 
of the Lam^tas from the intertrappeans has not lately been contemplated by any one ; 
Mr. Blanford notices (I. c, p. 216,) how undistinguishable they are lithological^y ; and, 
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of course, the confirmation of their close affinity would be a link in the chain of evidence 
he brought to bear upon the age of the eruptive rocks. Thus the solution of this interest- 
ing question seems closely connected with the determination of the correspondence of 
the fi%h beds and those similar deposits on the same infra*trappean horizon. 

The Lametas, though so much more extensively developed than the intertrappeans, 
have yielded comparatively few fossils. Vertebrate remains, some very large, have been found 
in them at Jabalpur, and elsewhere some shells, establishing the fresh water origin of the 
group ; and so far, its primd facie connection with the intertrappeans. One would 
then naturally go on to apply the same explanation to the formation of this fresh water 
basin as that given by Mr. Blanford for the intertrappeans, namely, the stoppage of local 
drainage by the outflow of trap. This would at once annex the Lametas to the trappean 
formation. The great comparative continuity and extent of the Lam^ta deposits 
presents some difficulty to this supposition; the conditions would rather suggest some 
more general cause, such as tilting of the surface, by which the drainage of a large area 
would be thrown back, and the direct evidence which might be looked for to connect them 
with the trap is wanting. There is not a single instance known throughout this extensive 
formation of a bed passing from it over and between trap flows, although it is very common to 
find trap close to thick Lamdta deposits, and at a lower level. This circumstance involves 
considerations, some of which have an important bearing upon the relations of the two 
formations, implying, as it does, either (I) abrupt inequality in the Lam^ta deposits ; 
or (2) considerable pre-trappe^ denudation ; or (3) disturbance of the deposits, whether 
before or after the advent of the trap. The principal object of the present paper is to 
illustrate this feature of the case. 

i. 

The Lam^ta group is well exposed in the immediate neighbourhood of Jabalp^. 
The undulating ground to the east of the station is on the thick soft sandstones and 
pale shaly days of the Jabalpur group; the flat hills beyond being of the Lamdta 
beds, capped by trap. On the little ridge to the north-east of the station, the Lam6tas show 
their greatest development, being about 150 feet thick. The south-west summit of this 
ridge, locally called Chota Simla, is capped by about 20 feet of trap; and on the 
north-easty where the Trigonometrical Survey Observatory Station is erected, there is a 
crest three-quarters of a mile long formed of trap, to a thickness of about 50 feet. 
This ridge quite overlooks the trappean plateau to the south-east, from which it is partly 
separated, on the west, by the valley of the Maijadlia stream, cut through the Jabalpur 
sandstone, the base of the Lametas here being close under the steep rise of the ridge. 
This level is maintained by the junction along the little valley, at the head of which the trap 
of the plateau rests upon the Jabalpur group, thus giving a strong case of apparent 
unconformity, the whole 150 feet of Lametas disappearing within a distance of half 
a mile, at the level of the bottom bed. South of the little valley the Lametas come in 
again at first only 5 to 10 feet thick, but increasing gradually to the south, the base 
of the group sloping down under the alluviiun in a length of about one mile and a half. 

Eegarding the junction of the Lam^ta group with the Jabalpur beds this section 
gives apparent presumption of unconformity. It would be difficult to give clear evidence 
on this point from this locality, on account of the massive irregular structure of the 
Jabalpur deposits ; and it is evident that such features as those described might be caused 
by a slight undulating disturbance of two conformable groups, followed by denudation 
before the advent of the trap. There is, however, ample evidence elsewhere of the dis- 
cordance of the Jabalpur and Lam^ta groups ; the latter passing indiscriminately across 
the foimer, and even here, at the east base of the observatory hill, an inlicr of Jabalpur 
sandstone is weathered out from the surrounding Lameta limestone. 
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But it is the upper janction that we are now concerned wil^. For tbis case the sup- 
pontion of slight distarbanoe and considerable denudation of the Lam^tas, both pre-trappean, 
is primAfade suggested by the section described. It is desirable, though difficult, to keep 
sepwate the argument for those two operations. If the supposition of disturbance be 
excluded^ thereby leaving the present under-surface of the Lam^tas the same as at the time 
ci. deposition, it becomes almost necessary to suppose that they extended in greater foice 
tluuk we now find them over the ground to the south, and hence that they were removed 
before the overflow of the trap ; for, it is difficult to imagine how, in a small area, the 
thickest deposits could be accumulated on the highest ground, much of them beiug composed 
of fine sand and day. It is not either a uniform thinning to the south ; for in that direction 
they thicken again before passing under the alluvium. If we are to explain the great con- 
trast ui thickness to the north and the south of the little valley by the presence, at the 
time of deposition, of a ridge of Jabalpiir sandstone in the position of the present valley, 
the fact of pre-trappean denudation would be equally established, for the trap now rests 
on the sandstone, at the head of that valley, at the level of the bottom beds of the Lam^tas. 
If, OQ the other hand, we explain the fact of the deposits being at present thickest on 
the higher gpround, by supposing a change of level subsequent to deposition, it would be 
possible to dispense with denudation, and we should be called upon to decide whether the 
disturbance occurred before or after the out-pouring of the trap. The very rough structure 
of stratification in volcanic rocks would make it very difficult, indeed, to find conclusive 
evidence for or against this position. It can only be said that the general distribution of 
the Lam^ta deposits suggests a slight relative change of level since their formation ; and 
that the only direct observation beariug upon this point seems to show that the trap did 
not participate in that movement : at the base of the low scarp east by south of the village 
of Pachp^ri there is a marked apparent dip of the Lam^ta limestone by which the trap 
does not seem to be affected ; on the contrary, the level is maintained by a thickening of the 
sand overlying the limestone. This dip is spoken of as ' apparent,' because the original 
irregularities in the Lam6tas are so rapid that one cannot be certain that the feature, here 

really induced by disturbance* 



The internal evidence of the Lam^ta deposits throws some light upon these general 
considerations. Ko constant sequence or composition could be given for the group. A 
limestone is its only general characteristic; sometimes forming the whok of the band, 
sometimes quite subordinate in detrital deposits. All these conditions are illustrated at 
Jabalp6r. At the point of Chota Simla hill, and on the outiier to the west of it, the 
section is as follows: — at base is a thick, fialse-bedded, fine, porous, friable sandstone, pale, 
generally of a green tinge, sometimes a deep gljauconite green (but not from green grains), 
locally purplish and mottied. At top it is much mixed with fine laminated clay, which 
again passes into earthy, dirty, pebbly, sandy limestone. It is in this bed and locality that 
vertebrate remains have been found. This limestone is here overlaid by fine crumbling 
sandy day, pale purple mottied by green. Sandy layers are frequent, also strings of 
nodiUar limestone. The top limestone is a development of this tendency : it is prominentiy 
sandy, and is overlaid by sand. The crest of the ridge between the two terminal cappings 
of trap is formed of this upper limestone. To east of Chota Simla the lower limestones 
thicken greatiy, replacing the bottom sand ; and the whole section varies indefinitely. Under 
the trap on the observatory hill the top sand is well developed; & peculiar rusty, soft, fine- 
grained rock, quite devoid of earthy matrix; very like a common form of decomposing 
Jabalpir sandst(me, but quite unlike the usual sands ol the Lam^ta group. This peculiarity 
makes it very useful in revealing the internal arrangement of the group, as it happens to be 
pretty generally distributed in this neighbourhood. Thus, on the south side of the littie 
valley of the MarjadUa (see the figured section) there is a scarped terrace formed of a single 
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strong bed, 10 to 15 feet thick, of Lam^ta limestone, resting directly on the sandstones 
and clays of the Jabalpiirs ; and upon it rests the trap, forming a second scarp ; only at two 
or three spots one finds bet¥reen these a remnant of a sand identical with the top bed on the 
observatoxy hill. In normally bedded rocks one would primd faci$ coi\jectiire from snch a 
section that the limestone here was the upper band of the ridge, requiring, of course, for the 
non-appearance of tiie lower beds, the supposition of original overlap, with subsequent change 
of bed. On the ground, however, one cannot resist the conclusion that the limestones £m5- 
ing each other on opposite sides of the little valley are the same band, they so exactly 
correspond in every character ; so that one is forced to account for the discrepancy otherwise, 
by the absence of all the middle beds of the ridge. The identification of the limestones on 
opposite sides of the valley, and their exact correspondence in level, sets aside the intro- 
duction of any abrupt change of bed at this point, so that the difficulty at first brought to 
notice of supposing the original dying out of such deposits as those of the middle beds of liie 
ridge meets us now within tiie Lam^ta group itself; and the contrast of thickness and of 
level is so great that one has to suppose a contemporaneous denudation to have assisted tiie 
irregularity of deposition, so as to admit of the top and bottom beds of the group coming 
together within such a short distance; a general undulating disturbance having still further 
increased the apparent anomaly of the actual features. 

The considerations stated in the last paragraph, by bringing the diief discrepancy 
within the group itself, would seem to dispose of the main point at issue — ^the unconformity 
of the trap on the Lam^tas. But such is not the case, even for the particular section under 
notice. The top sandstone is in force on the observatoxy hill, and again so to the south 
of the Pachp^ri flexure ; and it continues so beyond the Maijadlia valley to the south-west. 
On the Pachp^ri terrace, however, between the two first of these localities, one finds the 
nearest remnants of it, and this only locally between the trap and the limestone. Its 
absence is most reasonably accounted for by denudation. 

There are some local sections near Jabalptir independentiy involving the conclusion 
of a pre-trappean denudation of the Lamdtas. The ridge on which the European hospital 
stands is formed of Lam^ta limestone. In the river, a quarter of a mile to the east, the 
limestone associated with mottied sands reaches j&om the water's edge to some 50 feet on 
the hill-side. In both positions there is a capping of trap ; but between the two, on the 
north face of the rising ground, the trap reaches to a lower level. Again, in the reverse 
valley, to the north-east of the Marjadlia water-shed, the trap reaches nearly to the stream 
on the south-east side, at a much lower level than the Lam^ta limestone within a few yards 
of it on the north-eastern spur of the observatory ridge. 

The views illustrated in the foregoing remarks upon the sections at Jabalpdr are briefly 
these : that the Lam^tas are clearly pre-trappean ; that there is good evidence for a slight 
pre-trappean disturbance of that group ; and, that there is conclusive evidence for pre-trap- 
pean denudation. 

The local denudation of the Lam^ta gpx)up would not be of much elgnificanoe as an 
indication of any partial separation of it from the trappean formation ; for, as Mr. Blanford 
has himself shown, the inter-trappeans have also suflered denudation before their inclusion 
by the trap. Mr. Blanford indeed, did not propose any separation of the Lam^tas from 
the inter-trappeans, but rather, through their connection, to establish the cretaceous, rather 
than the tertiary age of the trappean formation ; the correspondence of the Lam6tas with 
the B^h beds being the point he most insisted on. And, certainly, the petrographical homo- 
logy of these groups is very striking. The considerations here offered tend to confirm 
that identification. 
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The denudftiion of the Lam^tas seems to hare been mnch greater to the west than to 
the east From Jabalpiir they can be traoed oontinaonsly for great distances ronnd the 
Mandla platean. That so moderately thick a formation shonld be so nnbroken proves, at 
least, that the basin in which it was deposited was not there laid dry for any considerable 
period before the advent of the trap ; if it does not indeed establish a closer connection 
with the volcanic ootbnrst. It is very different to the westward : in going along the 
Narbadi valley gaps become more and more frequent, and of greater length. In most of 
these cases it is demonstrable, that the deposits are only denuded remnants, the volcanic 
lock frequently appearing close by at a lower level 

The most westerly occurrence of these patches of Lam^tas— that can, at least, be 
included with the main area of that formation, there being a break of 130 miles on the 
south side of the valley between it and the infra-trappeans of Pun^sa and the Dh&r Forest- 
is deserving of special notice for the peculiarity of its position, and because large vertebrate 
remains, though scarcely perfect enough for identification, have been found in it. It is not 
even quite oertaiD that it is Lam^ta, because the supporting rock is not visible ; but the 
lithological characters are so marked as to g^ve much confidence in the identification. It 
forms a small inlier, weathered firom beneath the trap in the bed of the Sh^r river, under 
the village of Kareia. There is a deep pool in the river, on the up side of which massive 
trap forms a steep fall ; while on the down side of the pool, twenty yards across, these 
Lam^ta beds rise abruptly, having a small dip down stream. The trap appears in the 
bank above them, resting on a highly baked red sandstone, the top surface of a greenish 
earthy rock, which is confusedly associated with a more ordinarily pebbly sandstone and with 
a sandy pebUy limestone ; a total thickness of about 16 feet. Within about fifty yards 
the trap again occupies the bed of the river, and some eighty yards lower down the water 
cuts a narrow gorge through massive Jabalpur sandstone, for about two miles. The cross- 
ing tnp seems to be part of the same mass as that facing the strata on the opposite side of 
the pool : thus implying a steep face of denudation. If this patch of Lam^tas was ever 
continuous with the main area, it must have been through valleys now filled up by trap, 
for it is separated firom the present Narbadil valley by a broad raised area of Jabalptir 
sandstone. In this region the Lam^tas do not intervene between the trap and the Jabalpdrs, 
even at very small elevations. 

If it be assumed that these patches of Lam^tas are indeed remnants of a once conti- 
nuous deposit, this feature of denudation in the western region becomes a very important 
one. At present I see no escape from that conclusion : these patches are all on the same 
approximate horizon, and there is in most cases no assignable reason for their original 
limitation as local basins. The suppositions of once intervening marks of older rocks would 
equally prove the g^reat denudation. I think, moreover, we are hardly at liberty to suppose 
these local basins to have been determined by intervening trap-flows, for the reason already 
stated, that no single case has been observed of Lam^ta beds overlapping, however steeply, 
on trap. 

It is important to notice a precaution that must obviously be taken in applying this 
crucial test of the pre-trappean horizon of the Lami^ta beds. The Deccan trap is found in 
different regions of its very extended border resting upon metamorphics or other old forma- 
tions at every level, from the moderate elevation of the Narbadd valley up to the highlands 
of the Western Ghats. Its local base must, therefore, be presumed to be of different horizon 
in the formation at these different localities. It must so happen that on the horizon of 
the inter-trappean deposits, these should occasionally lap freely over the trap, on to the 
adjoining rocks ; and they would, moreover, in such poutions assume the sandy, pebbly 
character so common in the Lam^tas, and so raie in the strictly inter-trappean basins. 
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There though locally infra-trappean, theee beds would, of oourae, belong to the inter-trappcan 
horizon. In his sketch of the Geology of the Bombay Presidency (Beoords, Geological 
Survey, Vol. V, page 93), Mr. Blanford notices some cases of thia kind, as observed by Mr. 
Foote in the Kakdgi vid Belgaon distriote. The fact that in these exceptional positions 
the deposits contain the usual fossils of the inter-trappean beds only brings into greater 
contrast the prevailing absence of such remains in the much more largely developed deposits 
of the Lam^ta group ; and also the occurrence of these overlaps in the comparatively 
restricted intor-trappean deposits g^ves some warrant to the demand for their production in 
the case of the widely extended Lam^tas before these can be accepted as cotemporaneous 
with the trap. 

August 1872. 



A BBIBF NOTICE OF BOMB BBCBNTLT DI8C0VBBBD PbTBOLBUM LOCALITIBS IN PBGU, 

hy W. Thbobald, Chologieal Survey of India, 

In the third number of the Records of th6 Geological Survey for 1870, a brief notice 
is given by me of the occurrence in Pegu of petroleum at the then newly discovered locality 
of Pudouk-ben near Thaiet-mio. Since that date two other localities have been the scene 
of a not unsuccessful search for petroleum, the main facte connected with which I will here 
review. 

The first locality visited by me is situated eleven and a half miles west of Prome 
Pagoda in a small stream falling into the Boogoo river, and three mUes above the village 
of Toung-bo-ji, on the same small stream, which has no name applied to it on the published 
maps, but is locally known as the Mahu-choung.* This spot lies within the area of the 
unaltered nummulitic rocks, and is situated in a belt of undulating jungly ground, charac- 
terised by a general absence of water, and wherein, consequentiy, no villages exist, the scarcity 
of water appearing to depend on the impermeable character of the days, which here mainly 
form the surface of the country. No good section of the beds is seen between Prome and 
the Mahu-choung, and the passage from the impermeable days of the newer tertiariee to the 
similar beds of the nummulitic group is obscure and unindicated on the jungle clad surface 
of the ground by any obvious physical sign. The cause of this is the absence here of tiie 
nummulitic limestone, the highest member of the group, and, where present, an excellent 
horizon for the newer group ; but this rock has here ^ed out, and in default of good sections, 
the boundary of the two groups is thereby rendered indistinct. 

The petroleum was first detected by some squatting families of Cuteh-boilers, who settle 
in this arid tract as long as surface water is procurable in the small pools and watercourses 
in it, and these men remarked that in some spote where the water was very low and on tiie 
point of drying up, it possessed a flavor of petroleum. The presence of petroleum was, 
I am informed, noticed as a film on the water, where a dam had been thrown across the 
Mahu-choung near the village of Toung-bo-ji, below the spot where petroleum has since been 
obtained. 

An enterprising and intelligent Chinaman possessed of a little capital determined to 
test the value of these surface indications, and sank some shafte along tiie course of the 
stream and on a line having an east by north bearing of less than one hundred yards in 
length. The most promising shaft. No. 2, was sunk in the bed of the stream, which was 
artificially deflected round it, and was carried to a depth of over 40 feet, through light- 



* CloaMyss river or straun. 



PART 4.] Theobald: Petroleum in Burma, 121 

bloiftli cUyB containing Foraminifera (Triloculina or some allied form), bnt few other fosBils, 
and eTidently an homogeneooB deposit formed in still water. The clay has not been pierced 
by the shaft, and« thongh yielding petroleum, does not appear to be the source or mother bed of 
it. I judge then from the petroleum appearing to line cracks and interstices in the clay 
rather than to be disseminated through it, as may be seen by fracturing the larger pieces, 
which, though superficially imbued to a small extent, do not seem to be equally permeated 
by it throughout, that it seems probable that the true naphthagenous beds of the group hare 
yet to be reached. Into this shaft petroleum trickled at something like two gallons a day, 
till it became filled with water and was abandoned during the monsoon. 

It may at first sight seem a curious thing that no more petroleum escaped into the 
shaft after it had become fuU of water ; but I think a sufficient explanation of this lies in 
the mode of stowsge of the petroleum in the rock. The oil occupying minute fissures or 
partings in the clay escaped by mere gravitation into the shaft as long as it was kept dear ; 
but became at once arrested in its course, and, so to say, ponded back when met and opposed 
by the pressure of a column of water of 40 feet. 

I have since heard that the shaft has been re-opened and deepened, and that thereon the 
petroleum recommenced to flow, but the ultimate results of the experiment I am unable at 
present to ascertain. 

The second locality near the village of Bau-byin (Pau-fyeng in map) is situated some 
- ,_. twelve and a half miles west-north-west horn the circuit house at 

Thaiet-mio, and about a mile above the village, which is on the 
banks of the stream, which falls into the Irawadi a little above Thaiet-mio. It is moreover 
distant about four miles north-east of the Pudouk-ben locality, previously noticed in the 
Records for 1870. 

In the ndghbourhood are several spots where indications of petroleum occur, all in 
beds of the newer tertiaries and on pretty much the same horizon therein. Bluish shales 
are the predominant beds here, interspersed with sandstones; and fossils are not rare 
throughout of the ordinary asp^ of the fossils of this group, sundry species of Area, 
Peeten, Isocardia, Ostrea, Solen, Cypnea, Conus, Turritella, with crustacean remains 
and shark's teeth, having been procured by me in the vicinity. 

In the stream about a mile above the village, the blue shales are exposed in a steep 
bluff undercut by the river, and a brown colored patch near the level of the stream indicates 
the extent to which the infiltration of the shales by petroleum has here reached. A little 
below this point a feeble escape of petroleum takes place into the stream from an orifice 
at about its ordinary dry season level. Close to this point a bed of sandstone with a dip 
of 70° south comes in, demonstrating a somewhat abrupt downthrow of the shales, which 
higher up stream are gently undulating, and the presence of this bed has not improbably 
determined the escape of the petroleum at this point, by opposing an obstacle to its upward 
progress, or permeation. 

A shaft was sunk on the precipitous bank of the nulla, and a little petroleum 
obtained from it, but the site was bad, as it is scarcely possible to prevent the stream from 
cutting away the batak and destroying the work. About half way between the banks of the 
stream on the curve, I recommended a trial shaft should be sunk, the selection being made 
with reference to the position of the presumed extension of the bed of sandstone noticed above, 
which it seemed to me undesirable to try, but beneath which a certain supply of oil may be 
with some confidence looked for. Its escape into the stream, and its difiusion among the 
shales a little higher up the stream, with other indications at no great distance, render a 
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search for the oil here ratiher less a matter of speculation than is usually the case. One thing 
is remarkable, and that is, on the supposition as advocated by me, that the naphthagenons 
beds are members of the nommnlitic group. A great thickness of beds, not perhaps less 
than 2,000 feet, must be interposed between the source of the oil and its point here of natuza] 
discharge. These beds are more or less porous, and may hereafter possibly prore su£Sdently 
rich in petroleum for profitable working, or possibly for purposes of distillation, but nothing 
but an experimental shaft will satisfactorily settle their economic value. 

The petroleum from the above localities is very similar and more fluid than the com- 
mercial or Yenan-choung oil, a difference depending, probably, more on the length of time 
either has been exposed to the air than on any difference in chemical constitution, but no 
exact analysis has yet been made. 



COBBBCTIOK fiXOABDIira THE 8UFPOSBD BOZOONAL LIKB8T0NB OF TbLLAIT BILB. 

See Sec. G. S. qf India, Vol. V,part 2. 

Specimens of this limestone were sent home to Professor William King, Sc D., of 
Queen's University of Ireland, for examination, which has resulted in the opinion that there 
is no eozoonal structure evident. Dr. King states that the rock consists of layers of two 
or more silioious minerals, and others containing calcareous matter; the former being in 
general the thickest and most abundant. The silicious layers are of a pale dirty green color. 
Examined with a good magnifying power, they are seen to be made up of rough grains of 
grey quarfcz and flattened particles of a greenish amorphous substance which appears to be 
chemically related to some amphibolic mineral ; both kinds are generally compacted together 
by themselves, but occasionally calcareous matter is intermixed with them. Here and there 
the layers are reddened with an iron oxide. The calcareous layers, of a dark bluish green color, 
are charged with the prementioned grains and particles, principally the latter, and often to 
such an extent as to become essentially silicious. '' In all cases the calcareous constituent is 
in the amorphous condition, neither saccharoidal nor crystalline, resembling that of ordinary 
blue-grey limestone. 

" Examined aftier decalcification, the microscope shows the silicious layers intact except 
where they contain calcareous matters ; in this case the component grains and particles, instead 
of being closely adherent, are separated by interstitial vacancies. The calcareous layers which 
are etched out to a slight depth exhibit a large number of the green flattened particles, and 
usually a smaller number of the quartz grains standing out in relief in the undissolved por- 
tion, and generally lying lengthways and parallel to the silicious layers. The components 
of the latter layers also affect a parallel arrangement. 

" The rock, strictly speaking, cannot be called metamorphic. It resembles in texture 
some of the imperfectly developed gneissodes common in Connemara. The thickly laminated 
portions have all the appearance of being depositional in their origin. But often there aie 
thin laminse folding round nuclei, seemingly concretionary, which appear to be the result of 
supervened agencies. It was a specimen of the rock in the latter state that was decalcified. 

" The interlamination of the silicious and calcareous mineral substances, as observed 
by the unassisted eye, and its resemblance to a similar peculiarity present in certain speci- 
mens of Ophite firom the Grand Calumet, Canada, and which alone first gave rise to the 
supposition that it represented a fossil, have evidently suggested the same idea in connection 
with the Yellanbile rock ; but diligent observation with the microscope does not bring out 
the least trace of anything approaching to the so-called ' canal system,' or ' nummuline 
layer,' diagnosed for Eozoon." 
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DONATIONS TO MUSEUM. 

Mallet, J., Esq. — Professor of Applied Chemistry, University of Virginia. — A fine specimen 

of Meteoric Iron, from the mass fonnd in Augusta Co. Virginia. 

Thbobald, Wm., Esq. — ^A collection of seventeen ancient stone implements from British 

Hnrmah. 

Eacket, C. a. — ^A small agate implement from the Chambul valley, Kerowlie. 

Pral, S. E. O., Assam. — ^A supposed ancient stone implement, found in the clay near 

Sibsaugor, Assam. 

Stbwaet, a. G., C. S., Bajahmundry.-^A series of fossils from EAteru near Bajahmundiy. 



ACCESSIONS TO LIBEARY. 

Fboh Ibt July to SQih Sbftbmbbb 1872. 

Htles of Boohs. Donors, 

Albbbti, F. Von. — Beitnig zu einer Monographie des Bunten Sandsteins Mnschelkalks und 

Keupers, (1834), 8vo., Stuttgart 

Arbeiten der Geologischen Section fnr Landesdurchforschung von Bohmen, (1869), 8vo., Prag. 

BtAKCONi, J. J. — ^Repertorio Italiano per la Storia Naturale. Repertorium Italicum, Vol. I, 

(1853), n, (1864), (1853-54), 8vo., Bononis. 

Bilukos, E. — Geological Survey of Canada. Catalogue of the Silurian Fossils of the 

Island of Anticosti, (1866), 8vo., Montreal. 

Geological Subyet op Cakada.. 

„ Geological Survey of Canada. Palseozoic Fossils, VoL I, (1861-65), 8vo., 

Montreal. 

Ditto. 
Boll, Ebnst. — ^Beitrag zur kenntniss der silurischen Cephalopoden, (1857), 8vo., Schwerin. 

BsAxrir, Db. C. P. W.— Beitraege zur Urgeschichte der Pflanzen. — Ueher Eirchneria, (1854), 

4to., Bayreuth. 

Cafblliki, J., et Heeb, O. — Les Phyllites Cr^tac^es du Nebraska, (1867), 8vo. 

Dawson, J. W. — Geol<^ical Survey of Canada. The Fossil Plants of the Devonian and 

Upper Silurian Formations of Canada, (1871), 8vo., Montreal. 

Geological Subyet of Canada. 

Exploration G^logique du Canada. Bapport de Progr^s pour 1844 et 1853-56, 8vo., 

Toronto. 

Geological Subyet of Canada. 

FLEMiNa, Db., et Eonince, L. de. — ^M^moire sur les Fossiles Pal^ozoiques recueiUis dans 

r Inde, (1863), 8vo., la^ge. 

Geological Survey of Canada. Figures and descriptions of Canadian organic remains. 

Decade I, Salteb, J. W.— Fossils from the hase of the Trenton Group, (1859). 
„ II. Hall, Pbof. James.— GraptolitidesB from the Lower Silurian, (1865). 
„ ' III. Billings, E.— Cystidese and Asteriadse. 

„ „ and Salteb, J. W. — Oleosa Qyclooystoides. 
Jones, T. B.— Paheozoic Bivalve Entomostraca, (1858). 
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Titles of Books. Donors. 

Decade lY. Billings, E. — Crinoidea fiom the Lower Silurian, (1859), 8vo., Montreal. 

Geological Subyey of Canada. 

Qeolc^cal Storey of Canada. Report of Progress from its commencement to 1863. With 

Atlas, (1863), 870., Montreal. 

Geological Subyey of Cakada. 
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Summary Report of Progress in Geological Inyesiigations, 
dated 1st May 1869. 

Summaiy Report of Progress in Geological InvestigationB, 
dated Ist May 1870, (1869-70,) 8vo., Ottawa. 

Ditto. 
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Report of Progress for 1848-49. 
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1852-63. 
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1866-69, 8vo., Montreal. 

Ditto. 
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Carbonifero, (1865), 4to., Lisbon. 

H0SIU8, Pbof. Db. — Beitrage zur Geognosie Westphalens. Die in der Westfalisclien Kreide- 

formation yorkommenden Pflanzenreste, (1869), 8vo., Mtinchen. 

HuKT, Db. T. Stebby, Canada. — ^A Geographical, Agricultural, and Mineralogical Sketch, 

(1865,) 8yo., Quebec. 

Geological Subyey of Canada. 

Laurentian Limestones of North America, (1871), 8yo., Albany. 

Ditto. 
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Geological Sunrey of Canada. Report on the Goderich Salt 
Region, (1870), 8yo., Montreal. 

Ditto. 

Geological Suryey of Canada. Report on the Gold Region of Noya 
Scotia, (1868), 8yo., Ottawa. 

Ditto. 

LoGAK, W. E. — Remarks on the Mining Region of Lake Superior, and Report on Mining 

Locations claimed on the Canadian Shores of the Lake, (1847), 
8yo., Montreal. 

Geological Subyey of Caitada. 

LuYNES, LE Due DE. — ^Voyage d'Exploration a la Mer Morte a Petra et sur la Riye gauche 

du Jourdain, liy. 2-8, (1872), 4to., Paris. 

MuBBAY, Albxandeb. — Report on the Geology of Newfoundland for 1865. "With a Pre- 
fatory Report and an Appendix by Sir W. E. Logan, (1866), 
8yo., Montreal. 

Geological Subyey of Canada. 

Notes on the Gold of Eastern Canada, (1864), 8yo., Montreal. 

Ditto. 

Pallas, P. S.— Spicilegia Zoologica, Band I, (1767)— XIV, (1780),— (1767-80), 4to., 

Berolini. 
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PERIODICALS. 

Titlei of Books, Donors, 

American Journal of Conchology, Vol. YII, pt. 3, (1871-72), 8vo., Philadelphia. 

,, „ of Science and Arts, 3rd Series, Vol. HE, Nos. 13-19, (1872), 8vo., New 

Haven. 

Annales dee Mines, 7th Ser., Vol. I, liv. 2, (1872), 8vo., Paris. 

L'ADMINISTB. DBS MiNBS. 

Annali di Storia Naturale, Ease. I, (1829)— XII, (1830), 8vo., Bologna. 

Annals and Magazine of Natural Histoiy, 4th Ser., Vol. IX, Nos. 54-56, (1872), 870., London. 

C06TA, AcHiLLB. — ^Fauna del Regno di Napoli, Faso. 116, Nenroptera, (1860-70), 4to., 

Napoli. 

Geological Magazine, Vol. IX, Nos. 1-8, (1872), 8vo., London. 

Havxit, Stlyaivits, and Thbobald, Wm. — Conchologia Indica, pi 4, (1872), 4to., London. 

Indian Annals of Medical Science, No. XXIX, (1872), 8vo., Calcutta. 

Thb Editob. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. Ill, Nos. 11, 12, 

and Vol. IV, No. 1, (1872), 4to., Bombay. 

GOYBBKMBNT OF InDIA. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Vol. XLUI, Nos. 288-291, (1872), 8vo., London. 

Mabtini und Chbmnitz.— Systematisches Conchylien Cabinet, Lief. 208, (1872), 4to., 

Niimberg. 

Neues Jahrbuch fur Mineralogie, Geologie, und Paheontologie, Jahrgang, 1872, Heft 1-4, 

(1872), 8vo., Stuttgart. 

Nuovi annali delle Scienze Naturali— 

Ist Ser., Vol. I, (1838)— X, (1843). 

2nd „ „ I, (1844)— X, (1848). 

3rd „ „ I, (1850)— X, (1854), 8vo., Bologna. 

Pbtbbmank, Db. A. — Geographische Mittheilungen, Band XVIII, Nos. 5«7, (1872), 4to., 

Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. I, Nos. 1-5, (1872), 870., 

Roorkee. 

Pbincifal, Thomasok Collbob, Roobkbb. 

Quarterly Journal of Science, No. XXXV, (1872), 8yo., London. 

Report on the Progress and Condition of the Royal Gardens at Kew during the year 1871, 

(1872), 8yo., London. 

Thb Sufbbintbndbnt, Kbw Gabdbkb. 

VicTOBiA. Coal-fields, Western Port. Report of the Board, (1872), fisc., Melbourne. 

DbFABTMBNT of M1VB8, ViCTOBIA. 
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Report of the Mining Surveyors and Registrars for quarter ending 31st March 

1872, (1872), flsc, Melbourne. 

Ditto. 
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GOVERNMENT SELECTIONS, Ac. 
Title* of Books. Donors. 

Bekoil.^Smith, David B. — Beport of the Sanitary Commissioner for Bengal for the year 

1870-71. With Appendix, (1872), flsc., Calcutta. 

GovEBirxsvT OF Bbnoil. 

British Bubma. — ^British Burma, General Department, (MisoeUaneons). AdministiiitioD 

Beport for 1870-71, (1872), 8vo., Rangoon. 

Chibv Cokxibsionbb of Bbitish Bubxa. 

India. — ^Annals of Indian Administration in the year 1870-71» Vol. XVI, pt 1, (1872), Svc, 

Serampore. 

GOVBBKMBNT OF IhDIA. 

„ List of CHvil Offioers holding Gazetted Appointments under the (Government of 

India in the Home, Agricultural, Foreign, Financial, and Legisla- 

tive Departments, as it stood on the 1st January 1872, (1872), 

8vo., Calcutta. 

Ditto. 

Punjab. — Powell, B. H. Baden. Handbook of the Manufactures and Arts of the Punjab, 

Vol. II, (1872), 8vo., Lahore. 

(jOVBBNKBKT OF THB PUNJAB. 

TRANSACTIONS, Ac. 

Bbblin. — Monatsbericht der k. Preuss. Akademie der Wissenschaften zu Berlin, March 

and April (1872), 8vo., Berlin. 

Thb Acadext. 

Zeitochrifb der Deutschen Geologischen Gesellschafb, Band XXIII, heft 4, (1871), 

8vo., Berlin. 

Thb Socibty. 

Calcutta. — Journal of the Agricultural and Horticultural Society of India, New Series, 

Vol. Ill, pt. 2, (1872), 8vo., Calcutta. 

Thb Society. 
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Memoirs of the (Geological Surrey of India, Vol. YIII, pts. I — 2, and Vol. IX, 

pt. 1, (1872), 8vo., Calcutta. 

The Subtbt. 

„ Eecords of the Geol<^ical Survey of India, Vol. V, pi 3, (1872), 870., Calcutta. 

Ditto. 

Proceedings of the Asiatic Society of Bengal, Nos. YII, VIII, (1872), 870., 

Calcutta. 

The Society. 

Copenhagen. — Oversigt over det kongelige danske Videnskabemes Selskabs Forhandlinger 

og dets Medlemmers Arbeider i Aaret, 1871, No. 2, (1871), 8vo., 

Copenhagen. 

Thb Academy. 

„ Thomsen, Julius. Thermochemiske Undersoegelser, (1871), 4to., (}opeDhagen. 

Ditto. 

Flobencb.— Bollettino del R. Comitato Geologico d' Italia, Nos. 3—6, (1872), 8vo., Florence. 

The Ck)MMissioK. 
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FLORS]rcB.-*Memorie per seryire alia Deecrizioxie della Carta Geologica d' Italia pnblicate 

a cura del B. Comitato Geologico del Begno, Vol. I, (1871), 4to., 

Florence. 

The CoxMissioir. 

fmsKTUVt, A. M. — ^Abhandlungen der Senokenbergischen Naturforsclienden Gesellschaft, 

Band I, (1864)— VI, (1867), 4to^ Frankfurt a. M. 

Glasgow. — Proceedings of the Philosophical Society of Glasgow, Vol. YIII, No. I, (1872), 

8vo., Glasgow. 

Thb Societt. 

GdmirGBH. — ^Abhandlnngen der koniglichen Gesellschafl der Wissenschaften zu Gottingen, 

Band XYI, (1871), 4to., Gottingen. 

Thb Societt. 

„ Nachrichten von der k. Gesellschafb der Wissenschaften nnd der Georg- 

Au^ts-Uniyersitat ans dem Jahre, 1871, (1871), 8vo., Gottingen. 

Ditto. 

LiVBAKNE. — Bulletin de la Soci^t^ Yaudoise des Sciences Natnrelles, Vol. X, Nos. 61, 63, 

64 and 65, Vol. XI, Nos. 66 and 67, 8vo., Lausanne. 

The Society. 

London. — British Museum. Gray, J. E. Catal<^e of Buminant Mammalia fPecora, 

Linnseus), in the British Museum, (1872), Svo., London. 

Bbitish Museum. 

„ Journal of the Boyal Asiatic Society of Great Britain and Ireland, New Series, 

Vol. V, pt 2, (1871), 8vo., London. 

The Society. 

Proceedings of the Boyal Society, Yol. XX, Nos. 131—134, (1872), 8yo., London. 

Ditto. 



Quarterly Journal of the Geological Society, Yol. XXYIII, pt. 2, No. 110, (1872), 

8yo., London. 

Ditto. 

MiLAKO. — Giomale deU' I. B. Instituto Lombardo di Scienze, Lettere, ed Arti e Biblioteca 

Italians, Yol. I, (1847)— IX, (1866), 4to., MiUno. 

Philadelphia.— Journal of the Franklin Institute, 3rd Ser., Yol. LXIII, Nos. 2 — 6, (1872), 

870., Philadelphia. 

The Institute. 

,, Transactions of the American Philosophical Society, New Series, Vol. XIY, 

pt. 3, (1871), 4to., PhiladelphU. 

The Society. 

^ Proceedings of the American Philosophical Society, Yol. XII, No. 87, 

(1871), 870., Philadelphia. 

Ditto. 

8tbi8boubo.— M^moires de la Soci^t^ des Sciences Naturelles de Strasbourg, Yol. 1, 
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AVN0A£ RbPOBT of THB GbOLOOICAL SHBYBT OF InDIA AND OF TBB GbOLOOICAL 

MvsBUM, Calcutta, fob thb ybab 1872. 

Daring the twelve months of 1872 our working staff was diminished in namber by 
the abeenoe, either on leave, or on special dutj elsewhere, of several of the officers of the 
Survey. 

As stated in last year's report, Mr. W. T. B Ian ford was deputed to accompany the 
Boundary Commission in Belachistan and Persia. Two very interesting papers on parts 
of the Persian Gulf and of the shores of Arabia visited by Mr. B Ian ford, while waiting 
for the arrival of his fellow labourers, have been given to the public during the year. Later 
on, at the dose of the bonndaiy labours, he was compelled by ill health to proceed direct to 
Europe, where he arrived in September. It is to be hoped that he will be able to work up 
the extensive and valuable materials he has acquired, together with those of his colleagues 
io the duty. Taken as a whole, it is certain they will form one of the most valuable contri- 
butions to the Natural History of a little known portion of the earth's surface, which offers 
many points of high interest and importance, in so far as it fonns a connecting link, as it 
were, between our Indian empire and the wide areas of Arabia on one side and of the Cas- 
pian and Russia on the other. Mr. BI an ford also had opportunities not often offered to 
European naturalists, which, I doubt not, he made ample use of. On this duty he has been 
absent during the whole twelve months. Mr. Foote was absent for three months from 
August to November. But this interfered only slightly with the progress of the work. 
Mr. Fedden, who had been suffering from frequent attacks of fever in the unhealthy district 
of the Pemgunga and Wurdah valleys, left the country on sick leave in May, and has been 
absent since. Mr. Hug he s, who had been invalided in the same districts during the work- 
ing season of 1871-72, returned to duty and resumed his work in November 1872, and has 
since been actively engaged. Dr. Waagen was also compelled to leave for Europe on medical 
oertifieste at the close of the year. Mr. J. Willson, who had been absent on sick leave from 
May, resumed his duties early in December, and at once proceeded to the field. These con- 
stant changes, necessitated in a great measure by the heavy work and great exposure to 
which the asaifltants of the Geological Survey are subjected, unavoidably retard progress and 
delay the completion of maps. 

« 

At the commencement of the year (January 1872), Mr. Medlicott was actively 
engaged in the examination of the Satpnra coal-fieMs and adjoining country. Some of the 
results of this examination are already published. Of these results the most important, 
practically, were two— the possibility of coal being found to extend under the more recent 
deposits of the Narbada valley proper outside tiie hills, and the probability of beds of 
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workable coal being traced more to the south in the Dadfai valley. To test tlie fermer, Mr. 
Medlicott recommended that boring trials shonld be made near Gadnrwazra, and thur has 
been commenced. The actual borings have been placed under the charge of Mr. Col If n, a 
coal engineer who had been engaged at Wurrora in the Chanda district. But badly supplied 
with tools, and at a distance from any place where mechanical appliances and instructed 
labour could be obtained, the progress hitherto has been very small and very disappointing. 
Mr. Medlicott is only responsible for the proper selection of the locality, the actual working 
being under different control. The false economy of attempting to carry out such an 
undertaking without proper tools and efficient supervision cannot be too strongly insisted on. 
Mr. Medlicott meanwhile has been endeavouring to push on the geological examination of 
the adjoining country, this being the necessary preliminary to any further practical search for 
coal, his progress in this being, however, most seriously retarded by the necessity of looking 
after boring operations so inefficiently conducted, without any countervailing advantage. 

Mr. W. L. Will son has been steadily engaged in extending the geological lines and 
boundaries, from the north of Dumoh, where he had been engaged, into Bundelcund and 
the adjoining territory of Bewah. The district examined is as yet incomplete in itself, 
and any description must be deferred. Mr. Willson was, during the recess, most usefully 
employed in the preparation of the maps of Dumoh dbtrict on the scale of 1 inch = 1 
mile for publication, some of which are now ready. 

• Mr. Mallet, who had, as reported at the close of last season, proceeded to the coal-fields 
of Kota, on the southern borders of Mirzaptir district, mapped out its limits. He notices 
some fourteen outcrops of coal, most of them, however, very thin and worthless ; some two or 
three have a workable thickness of fair coal. All appear to be on about the same horizon, not 
more than two being seen in any cross section, the richer outcrops thus appearing to be only 
local. Mi. Mallet has also added many interesting mineral(^cal observations io those 
in his previous report upon the rocks occurring in the widely spread gneiss series, especiallj 
upon the valuable bed of Corundum which he had noticed in that neighbourhood. These 
notes having been published in the Memoirs of the Survey need not be alluded to here more 
particularly. During the later part of the year, Mr. Mallet has taken up the examina- 
tion of the Hazaribagh district. A considerable part of this district had been gone over 
some years since, but the topographical maps, which were then available and which were 
shortly afterwards condemned, were so imperfect, and those resulting from the re-survey so 
entirely different, that it has not been found practicable to transfer the geological lines, &c., 
without absolutely going over the ground a second time. Mr. Mallet's labour will be 
confined chiefly to the crystalline and metamorphic rocks. In a similar way, Mr. James 
Willson has been, since his return from sick leave, engaged in putting in the geological 
boundaries and divisions of the coal-fields in the south of the same district on the new 
maps preparatory to publication. 

In the early part of the season, Mr. Ball was engaged in the examination of the ooal- 
bearing rocks in Sirguja. Among these areas, the small coal-field of BLsrampdr is in itself 
complete, and will shortly be published. Among these rocks Mr. Ball has noticed a case of 
unconformity between the lower group, or the Barak4r rocks, and the upper sandstones, defined 
by faulting in the lower rocks not affecting the upper. This is a very unusual oocurrenoe, but 
is of high interest if established by further research. 

In the latter part of the 3'ear, Mr. Ball has been deputed to accompany Mr. 
H. Bauerman, who had been sent out by the Right Hon'ble the Secretary of State, in 
his visit to the more important iron-yielding districts, with a view to giving a definite 
opinion on the feasibility of establishing iron works in India, and with him has visited 
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Birbhdm, Baoee^nj, Hazaribagb, &o. Mr. Ban er man's report will be submitied to tbe 
Secretaxy of State. 

Mr. Hacket bag carried bis lines and diyisions from tbe adjoining districts of Jabalpdr 
and Bijiragoogorb into Bewab. A very large part of this area is covered by the Jabalpur 
formation. It is seen typically in tbe north-west of tbe area, but is extended by 
Mr. Hacket considerably to tbe south of Bandogurb. The Bandogurb sandstones, are 
themselves 1,000 feet thick. How far this apparent extension of the formation can be proved 
to be the fact mast be seen from the adjoining conntr}' when it comes to be examined. 
In the present season Mr. Hacket has been sent to work out tbe details of the more 
recent deposits of the Narbada valley in connection with tbe Satpura basin, which 
Mr. Medlicott is examining at tbe same time. 

Frevionsly to his departure on leave, Mr. Fedden had extended to the south his 
examination of the rocks of tbe Nizam's territories adjoining Chanda, tracing oat tbe 
existence of a gronp of rocks under tbe gpreat Deccan trap to west of Sirpur, containing 
remains of Pakeoxamia, thus establishing their relations with the upper Jurassic rocks of 
Kuteb and tbe Bajmabal beds of Bengal, and giving another clue towards unravelling the 
connection of the so-called Jabalpiir beds of the Narbada valley with tbe others. The full 
extent of these rocks remains to be worked out 

In tbe Punjab, at tbe opening of tbe year, Mr. Wynne and Dr. Waagen were 
engaged in the detailed examination of the Salt-range and adjoining country. This has 
enabled the mapping of tbe whole of that range to be completed, while a remarkably interest- 
ing and extensive series of fossils has been obtained, which have 'as yet be^n only partially 
examined, but which, when fully investigated, promise to open up some very important and 
intricate results. One of these discoveries I will notice again. At the close of the working 
season, Dr. Waagen returned to Calcutta and took up the detailed examination of the 
Cephalopoda from Eutch, our previous collection of which had received very extensive additions 
from the labours of Dr. F. Stoliczka. This group will form one of the most important 
contributions to tbe Cephalopoda fauna of tbe upper Jurassic formations (from tbe Titho- 
nien to Callovien) ever published. The extent of this group alone, without any of the other 
classes of Mollusca, may be estimated from tbe fact that their illustration will require about 
eo Urge quarto pktes. The MSS. of the descriptions have been nearly all completed, and 
great progress ban been made in the preparation of the plates. But it was with much regret 
that we were obliged to suspend the work, — only temporarily, I hope, — in consequence of the 
serious illness of Dr. Waagen, who had commenced it, and whose wide and accurate 
acquaintance with tbe Cephalopoda rendered his descriptions highly valuable. I sincerely trust 
that a few months and a better climate may restore Dr. Waagen to the enjoyment of full 
healthy and enable nim to resume and complete bis history of this most interesting fauna. 

Towards the close of the year, Mr. Wynne had resumed his examination of the 
Punjab rocks, but was necessarily diverted for a time to enable him to aid in procuring 
and forwarding a complete collection of the salts and rocks of the Salt-range and its sjilt 
mines, to be sent to the Vienna Exhibition. Having accomplished this, he resumed the 
detailed examination of the country north of the Salt-range. A brief but careful description 
and sections of the well known hill of Sirban, close to Abbottabad, has been published during 
the year— a result of the joint labours of Dr. Waagen and Mr. Wynne. This has 
been given without delay, both because the hill is close to a well known station, and bo 
accessible to those who desire to examine its structure, but also because this structure had 
been entirely misrepresented ; while it would at the same time form a typical illustration 
of what might be looked for in other similar areas. 
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In Madrfts Mr. W. King had, at the oommenoement of the jear, taken op the ezamiaa- 
tion of the country adjoining the Qod&v&rC, in continoation of the prelimimnry emrej of tlie 
same area which had heen carried out hy Mr. Blanford, whose health did not admk of his 
returning to that district. As it was important that the more southern portion of the conn- 
try should he carefully examined prior to proceeding to the less aocessihle area fiirther north, 
Mr. King's attention has heen chiefly directed to the country extending hetween Dnmaini- 
diem and Kummummett. Rome of the principal results arrived at have heen already pah- 
lished in the Becords of the Geological Survey for 1872, so they need not he detuled here. In 
one place, a limited area of coal-hearing rocks was traced out, and actual heds of ooal 
found ; hut the country is so covered with jungle, and so thickly coated with dehris and 
recent deposits, that nothing very definite can he asserted regarding the extent or valne of 
this coal without horings. Another small area near Ashwarowpetta holds out some promise, 
hut this also must he actually tested before any satisfactory conclusion can he arrived at. 
Towards the close of the year, when it was too early in the season to enter the jungly 
country to the north with any safety, Mr. King has made a carefnl examination of the 
country between the God&viri, and Bajahmnndry, and the sea, and has there fonnd some fosaili- 
ferous beds, the organic remains from which will prove of high interest. He has also 
brought the well known fossiliferons beds of Katem, near R^jahmnndry, into stratigraphical 
relationship with those occurring at Pungady on the opposite hank of the GodivM — here a 
stream of great width. As the jungles become drier and more accessible, Mr. King will 
extend his researches northwards. 

Mr. Foote has been steadily carrying out the boundary lines hetween the great area of 
the Deccan trap rocks and the underlying beds ; and between those intermediate beds and the 
gneiss rocks on which they rest. He has connected his lines with those previously mapped 
in by Mr. Wilkinson to the west The entire area examined, excepting a few eqnare 
miles on the top of the plateaux, is within the drainage basins of the Kistna, Gatpurba, and 
Malparba rivers. Mr. Foote has also been fortunate enough to add to the valuable series of 
fossils, bones, &c., of Rkinaceroa, which he had obtained during the previous year, and to find 
others of bovine animals, together with deposits of fresh-water shells, which on examination 
proved to be very similar to those found witii the ossiferous clays and gravels of the Narbada 
valley. There can be no question that these ossiferous beds will prove of the very highest 
interest when folly worked out» as bearing on the distribution of genera in these pleiocene 
deposits, which still exist in other areas, but which have entirely ceased to exist within the 
limits of the districts where their remains are found. 

In Bnrmah, Mr. Theobald has been engaged in extending his examination of the 
country between the central range and the eastern boundary of the country on the Sittang 
river. The present season will see the completion of his examination of British Burmah 
proper ; and a map and general report will then be prepared for publication. 

Dr. Stoliczka, in the early part of the year, completed his detailed examination of the 
Province of Kntch (Kach'h), in which he has been enabled, by the application of his 
palficontological knowledge, to define several well marked sub-divisions or horizons in the 
Jurassic rocks, and to establish their close relationship to the acknowledged groups in 
European classifications. The full details of these are being prepared for publication, while 
the magnificent series of fossils also obtained will be worked out as soon as possible. 

PuBLTCATioKS. — The Recobda of thb Geoiooical Subybt of India have appeared 
with regularity at the established three-monthly intervals. In the series for the past year, 
besides the Annual Report of the Survey, papers, more or less in detail, have heen given, 
treating of very varied subjects and localities. It would have been impracticable for a 
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eoMtdenMe time to eome to palrftah a detftiled aooonnt and map of the oomplicated simctore 
of the hills ftankhig the great Himalayaa range in the Punjab ; and it seemed, theieforo, 
desirable to give at onoe a brief outline and description showing the lelationa of the rooks 
and their general phyucal aspects and structure. 

For this purpose, a section close to the most frequented station in those hills, Murree 
(Man) was taken. Dr. W. Waagen has pointed out very clearly the distinctions of the 
beds, as indicated by their fossils. Such a sketch ought to suffice as an index or guide to 
other obserren in the adjoining districts. Descriptions of the mineral contents of the gneiss 
in the district of South Mirzapdr are given by Mr. F. Mallet, who has pointed out the 
oocnrrenoe there of a very valuable deposit of Corundum, which is also of high interest 
from its asso c iated minerals being identical with those occurring in An&erica in the same 
ssM)eiation. 

The sandstones of the God4v&ri are described by Mr. B Ian ford, while Mr. King, who 
took up Mr. B Ian ford's work there, describes in more detful the southern portions of this 
area near Kmnmummett, and shows the occurrence of coal there in quantities which will 
Tepay the expense of working when the field vt rendered more accessible. Mr. Blanford 
also oontribntes two valuable sketches of the geological structure of the Beluchist&n 
ihores of the Persian Gulf, as well as a notice of Maskat and Massandim on the coast of 
Arabia. Mr. Medlicott describes in detail a very remarkable case of what appears to be 
only local jointing in some sandstones at Jabalpdr, and a careful diwussion of the physical 
relations of the ' Lameta' group. Mr. Theobald has given a. notice of petroleum localities 
in Pegu, and further discussion of the relations of the ' axial' group in Western Prorae, 
while, in addition to these more local and limited notices, a general sketch of the g^logy of 
Orissa, and another of the geology of the Bombay Presidency, were a^so published — both 
drawn up by Mr. Blanford. This brief enumeration of the principal contents of the 
numben will show how much has been done to elucidate the g^logpcal structure of the parts 
of India and adjoining countries in which the officers of the Survey have been engaged. 

Of the Mevoibs ot thb Gbolooical Sustst two volumes have appeared. It was 
stated in last report that these were well advanced. Both Yol. Till and Yol. IX hare 
been issued during the year jnst closed. In the first of these, YoL YIII, in addition to 
brief accounts of three small, isolated, and unimportant coal-fields in Bengal, a long and 
detailed account is given of an immense area, nearly as lai^ as England, to the north of 
Madras town, including the districts of Kumool and Kuddapah, with maps and illustrations. 
Yol. IX includes a notice of the Peninsula of Kntch (Kach'h), a description of the geology 
of the vicinity of Nagpiir, a notice of the geology of Sirban hill near Abbottab&d in Punjab, 
and a brief notice of the occurrence of Ammonites in beds, in the Salt-range, contidning 
other fossils universally admitted hitherto as of carboniferous age. This last is one of 
the most striking discoveries which has marked the progress of Paleontology for many 
ypars. The occurrence of the Brachiopoda, Aikyris subtUiia, A, Roittyi; Produrta 
costata, P. longupina, P. HumboldUi, in the same beds would at once be admitted as 
abundant evidence that those beds belonged to the true carboniferous group of iiurope, but 
with them also occur Strophahna Morruiatia, which would rather indicate a Permian age. 
There is, however, no question whatever that the association of fossils points conclusively to 
a Pabeozoic epoch, whatever doubts thera may be as to the exact horizon in the 
paliBozoic series to which the beds may belong. Now, the occurrence of a true Ammonite 
in any of the palieozoic rocks is a fiict altc^ther new to stratigraphical palieontology, and 
opens up a whole field of investigation of the highest interest. The examination in detail 
of the beautiful series of fossils obtained from the Salt- range has unfortunately been 
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interrapted by the serious illness of Dr. Waagen, who has been obliged to proceed i^fR^^-'*^' ^'\.^ 
on medical certificate, but when completed, this collection will exhibit other noyeltit^rittt^^^' 
those already noticed. ^ ^ tt» ^'^ ^ 

Of the Palbontolooia Ikdica, daring the year terminating on 31st Decem)^^ , z..^^-^ 
the portions descriptiye of the cretaceons Brachiopoda and of the Ciliopoda haye beef^ v^^v^ 

In the last reports we pointed ont the rapid progress which had been made in tU^ ^ , ^^ 
and showed that the rate of publication was limited chiefly by the amount of hM*^ '^'^ . .;^ 
possible to devote to it. The question commended itself to the feivorable oonra^^'*^ 
of the Government of India, and it is with pleasure I acknowledge the liberali^j. ^^^j^iriyt^ '• 
has doubled the sum granted for this valuable series from the commencement of If . ^^.v^^Ved '"-^ 
financial year. Meanwhile efforts are being made to instruct the necessary Vi ^ cr 
lithographers, Ac^ so as to be ready to take advantage of this. We had, during ^ ^ ^^z 
issued, as then stated, the portions of the work which represented the fSsMciculi dviC,, . ^\t is < 
October 1872. The two parts since issued have been large ones, while the EchinodenM' ^^ ^^i 
printed off and only await the completion of the plates. There remain, therefore, the 
to complete the issue of all the groups of invertebrata represented in the crelgaA (or ^ V^ 
rocks of South India. These parts combined will form the fourth large volume i::T\DVKL\ to 
Cretaceous fauna, and will complete the monograph of this very important group. 1->;|W^ u:^' 
form a monument of skill and labour reflecting the very highest credit on the PaUBontol ^jiRiae^y ^^^ 
of the Survey, Dr. Stoliczka, and will prove a very fitting description of one of therii^. lor tvJ^ 
and most varied faunn ever obtained from a limited area in a limited formation. ^]^ ^^V'^i 

A fasciculus of the Cephalopoda of Eutch is ready for issue. This contsins a|^ ^ ' ^ 
JBelemnites and NauiUida. It was hoped that we should have been able to continae' ""^ ' 
series without interruption, the succeeding portion being very well advanced ; but ^ . ^ ! 
illness of Dr. W a a g e n already alluded to has disappointed this expectation. The serief*^ °^," 
the Cephalopoda is very extensive, and will prove a contribution to the fossil history of |^^^"'\"' 
upper Jurassic rocks of the very highest importance and value. ''&^\^ v.c 

In addition to the regular issue of the Pahsontologia Indiea, some cf the more remi|,^ ]^j^ ^ 
able forms met with in the Salt-range, as already noticed, have been figured in the Memol^^^j^^xL^ 
of the Survey. ^i^pj 

Maps.— Some of the sheets of the district of Dumoh, which had been taken npfiff'^^^^^ 
for publication on the larger scale of our field maps, or 1 inch equal to 1 mile, are ready.^^^^^jj 
and have been kept back until the whole district be completed, which will be very shortlf ^^^^'^^ 
now. ^^«^ 

Of the 'Atlas of India* maps, which are to be used as the final record of our work, six ^^« 
quarter sheets were ready for issue to the public at the close of the year. Of these, tbe >^^^ti 
four quarter sheets of sheet 79, containing the larger portion of the Cretaceous area of r. 
Madras Presidency, were prepared some time since, but had not been issued, awaiting tbe ^ 
completion of the adjoining parts. Two quarter sheets, north-east and socth-esst, of 
sheet 78 were printed daring the year, and the parts of sheet 77 are now in the hands of 
the engravers. A small map is annexed showing the present state of the publication and 
preparation for publication of these final maps. These are now printed in colors with ^ 
much success at the Surveyor General's Lithographic Office, and the general system baring 
been established after several trials, the rate of issue can now be maintained with some 
regularity, 

LiBBABT. — During the year, seven hundred and ninety-six volumes or parts of volumes 
have been added to the library of this department Of this number 489 have been pre- 
sented and 307 have been purchased. As usual, a list of Societies or Institutions from whom 
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•^ mdi presentations or exchanges is annexed, while each saocessive nnmher 

ir^hjuB given a list of the additions received daring the preceding three months. 

-Jiink that this department has heen relieved from the injnrj resulting to its 

dw restrictions imposed on the mode of procuring hooks, and from the delays 

'.aoeon. And I doaht not the coming year will again show a retnm to the 

:jer of Tolames which we have heen for years past in the hahit of recording. 

ias been taken of the past year to bring up the binding and securing of our 

so far as practicable. 

. — ^The collections in the Museum have been maintained in good order, the 

pmperly embodied in the general series, and the specimens properly cleaned out 

bllj labeUed. The collection or minerals, which, as reported last year, had been 

-■aDodeUed and added to so largely, has been in part carefully catalogued by 

Mallet, and it is hoped that this valuable work may be completed during the 

[niny season, when work in the field is impracticable. 

demand for the preparation of a good series illustrative of the mineral wealth 
ifoontry to be sent to the great Exhibition in Vienna has entailed on all the officers 
Survey a large amount of trouble and occupation during the last months of the 
The extremely limited and unsuitable accommodation which the present Museum 
offered for such extended collections hss always prevented our bringing to- 
rn ec^ection properly representing the mineral resources of the country. lu fact, 
^: no place to put such a collection if made. While, therefore, our series afforded good 
ija in one or two directions, it was necessary to procure fresh and good sized specimens 
[t^nna. I would here acknowledge the great liberality and very cordial co-operation which 
be experienced on the part of the numerous colliery proprietors in the country, who have 
ui«d us with excellent specimens of the coals, ores, tools, &c., from their districts. I am 
I indebted to the Commissioner of Inland Customs for a very valuable series of specimens 
itntive of the salt deposits of India. And in brief, from every one to whom we applied 
aid, we have received most ready support The time at our disposal was far too 
f to admit of anything approaching to a complete series being obtained, but that which 
> be sent will give a fair representation of the mineral wealth of the country. With the 
iU sanction of the QoFcmment, it is proposed also to send some of our unique and valuable 
ctions of fossils, which will excite great interest among the Greologists of Europe, and 
afford a much desired opportunity for actual comparison and identification with known 
)pean forms. 

An Index map is, as usual, appended showing the present state of progress of the field 
E of the Survey. 

The various collections are in as good order and preservation as the limited aooommo- 
m at our command will permit. 

T. OLDHAM, 
Supdt of Choi. Survep, India, 
Calcutta, | and Director qf Oool. Museum, Cakutta^ 

February 1873. 
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Sk«toh of thb Gboloot of thb Nobth-Wbst Pbovince«, iy H. B. Medlicott, m, a., 

F. o. 8., Deputy Superintendenty Geological Survey of India. 

The geology of the North-West Provinces is oonveniently separable into three divisions, 
corresponding to three distinct geographical regions. Twenty-three of the thirty-five 
reveniie-^districts are entirely on the Gangetic plains. Three districts on the north — Dehra- 
Dun, Garhwal, and Knm&on — belong altogether to the Himalayan region. Out of nine 
districts on the sonth, seven are in very large proportion covered by the plains-deposits ; 
three only being in whole or in gpreat part within the rock-area of the Peninsula of Hinda- 
stan. It is at once apparent that these geographical divisions are also strictly geological ; 
and it may be here stated that no identification has as yet been made out between the 
locks within these provinces on the north and on the south of the plains. The formations 
of these several regions may be noticed in the following order :^ 

I. — The Plains, — ^Terms applicable to these deposits. Bhangar and Khadar lands. 
Whether the great rivers are raising or lowering their Kh&dars. Bh4bar 
and Tarai land. Age of the Bb&ngar land. Kalar lands. 

II. — I^ Hinutlayan ^ifl^rMm.— Physical and geological divisions. The Sub-Himalayan 
series: Sab&thu group; N4han group; Sivalik group. The limestone 
and slate series: The Erol, Infra-Krol, Blini, and Infra-Blini groups. 
The metamorphic series. 

HI. — The Peninsular region,^^T^^ coal-bearing series: Barakar and Talchfr groups. 
The Yindhyan series : its characters : its distribution. The slate scries. The 
schist apd gneiss series. 

I.— Thb Plains. 

Terms applicable to these deposits.^The middle region naturally claims first attention. 
It is often spoken of as ' the alluvial plains of the Ganges,' or by such like expressions. In a 
general sense these terms are admissible : there is no doubt that the materials forming the 
plains were contributed by the Ganges and by its tributaries. But in this range of meaning 
the Sivilik deposits might clfum to be included ; for it has been shown that their materials, 
too, were conveyed through the existing Himalayan drainage system. On the other hand, by 
confining the word ' alluvium' to its strict geological meaning — to ground subject to flooding 
irom the very channels that now exist — the alluvial ground of the North- West Provinces 
becomes comparatively small. It is necessary to specify still further to bring out the distinc- 
tion to be made in the area under notice : the word ' alluvium' is scarcely understood unless as 
applied to fine deposits from tranquil inundation; and it applies to such indiscriminately; 
whereas from the proper geological point of view, the distinction to be indicated is what 
ground is undergoing increase from whatever form of deposition, and, on what ground 
abrasion (denudation) is in permanent action ; or, in other words, where river action is for- 
mative and where it is destructive. 

Bhangar and Khadar lands* — h. large proportion of the plains-area in these pro- 
rinoes is permanently undergoing denudation. The main rivers run through it in confined 
and fixed valleys, the flood-level of the waters being well below the general level of the 
ooontiy. Several considerable streams, as the Hindan, take their rise within this area; 
and though subject to local overflow, with deposition of alluvium, they must, on the whole, 
carry away annually a large quantity of earth. The fixed valleys of the great rivers are 
of very variable width, generally bounded by steep high banks ; they are called Khadar, the 
adjoining high land beini; known as Bhangar, The deep, low-water, channel of the river 
oscillates within the Khadar, or river-pkin ; the whole of this being liable to inundation from 
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the floodtf, and to oonstant erosion and re-fonnation bj the action of the caneDt. 
mati is very nearly the native eqairalent for ' allanal land.' Bat though there is almrajs a 
large total area of true alluTial Ituid in the Xhddars of the great rivers, it is possible that, 
on the whole, these Khddar* are nndeigoing denudation, that the river-bed is deepening, 
and that the new alluvial land formed by its changes (^ position may be progressively lower 
than the older patches removed by the same process. It has not yet been defined how 
much, or if any portion, of the eastern districts come within the sub-deltaic conditions 
that prevul in the Lower Provinces, where the river-action is broadly formative. The i^hole 
of the province of Oude would come under one or other of tbese descriptive terms — Bkdin^ar 
or Khddar land. 

Whether the great rivers are raiting or lowering their Khadare, — ^The qoestioii 
whether the great rivers have at present a tendency to deepen or to raise their channels is 
one of much importance in relation to engineering works, and of great interest to tbe 
geologist. Within deltaic regions, where the rivers are essentially formative^ the process is 
sufficiently understood : the bed and banks of the main channel are raised, till the oontxast 
of level determines a gradual set of the water to lower ground through some minor distri- 
butary ; the new channel is at first scoured out to the capacity of the main channel, idien the 
raising action recommences. Within the narrow river-plain of the Khadar, there might be no 
general feature to betray which process is in foroe. The river would oscillate pretty mnch 
alike in either case, removiug and replacing the patches of alluvial land. Still it seems likely 
that careful enquiry among the natives cultivating the Khddars would elicit some grounds 
for judgment : as, if any very old patches of alluvium were no longer inundated by the 
highest flood, one might infer that the river had lowered its channel. The d ^priori con- 
ditions may be stated briefly thus: Whether a river is cutting or depositing depends, 
of course, upon its velocity and upon the chaige of solid matter, wholly or partially 
suspended in it. As regards the first condition, it can be broadly stated that the slope 
(and hence the velocity) within the Khddara is everywhere much above that at which 
silt-carrying rivers become on a laige scale depositing rivers: at E[4nhpiir the fall is 
nineteen inches per mile, at AMh&b&d thirteen; while in the sub-deltaic region at 
Patna and B&jm&h&l it is only six inches; and in the Delta proper it lowers to three 
inches.* It is fnoreover certain that for eight or nine months of the year, the great 
rivers rush from their gorges in the muuntaina as torrents of dear water, or only, in the hot 
months, discoloured by fine glacial mud ; immediately upon entering the Khddar, however, 
the water becomes more or less chai^d with silt and continues so throughout its course. 
For these months then the river must be denuding its channel. During the flood season, 
on the contrary, the water issuing fix>m the mountains is highly charged with de- 
tritus; which is, to some extent at least, gradually deposited as the slope of the 
channel becomes lowered in the Khddar. It would be difficult to coigeoture to what 
distances within the plains coarse shingle and gravel might be roUed along by the scour of 
the current in extreme floods during successive seasons. Large stones not being found in the 
bed of the river in the dry season may not be a safe indication of the case ; as it is conoeiv- 
a ble that they should always be buried under lighter deposits as the flood subsided. Whether 
or not the rivers are able, even with the assistance of the clear water for eight months of the 
year, to cany out of the Khadar all that 'they cany into it in the flood season, cannot be 
determined without careM observation ; but from all the considerations mentioned, it would 
seem likely that throughout the greater part of the Kk&dar the balance is in &vor of erosion. 
Any tendency of the Ganges and Jamna to lower or to raise their bed at the mouth of their 
gorges ought to be discoverable firom the effect on the canal^heads at Hardw&r and iyz4b&d. 

*Theio figures are quoted from Mr. Fexvomon's paper in the Qiiart. Jour. Qeol. Soc., LoncL, Vol. XIX, ISSa. 



PART 1-] MtdlieoU: Geology of Narth-West Provinces. ll 



tkmem&om on tbe silt in the water, tinifonnly oondncted at distant places, as at 
Fatehgarli, Kaabp^, and Allahib^ might indicate whether erosion or deposition is takings 
place within the Khadar regpion. Bat the most satisfaetory test would be, continued registra- 
tion of the rise and fall ef the water on permanently fixed gauges, to be che<)ked by An 
annual exact meaaarement of the low-#ater riyer-section at each gauge. 

JShdhar and Tared ^m^.-^Independently of such tracts on the eastern borders of the 
prorinoe as come within the sub-deltaic region of the great rivers, there is a considerable 
stretclt of country where the drainage is formative. The minor streams from the outer skirts 
of the mountains do not run on into the plains in deep channels cut through deposits of 
earlier times ; they flow, at least for many milesT in broad shallow and ever-shifliDg beds 
formed of materials brought down by themselves. The load of shingle, gravel, sand, and earth 
washed into these torrents by the heavy rainfall from the precipitous slopes of the Sivalik 
hills, formed of soft conglomerates, sandstones, and days, is far more than the current can 
carry into the main rivers. It is possible, too, as has just been discussed, that something of 
the same kind takes place in the upper reaches of these rivers themselves. There is thus, 
along the northern margin of the plains, a broad belt of ground the formation of which 
19 strictly ' recent.' The portion of it next the hUls, having a steeper slope than the rest, 
is chiefly composed of shingle and gravel with a filling in of sand and earth. This is the 
forest-faearing zone known as the bJMar. Except in the rainy season, it is devoid of water ; 
streams <^ considerable volume soon sinking into the porous ground, to reappear (at least in 
part) along the lower fringe of the coarse deposits. This second sone, though having, on 
the whole, a considerable slope, greater than the general slope of the plains, is thus made 
watery and swampy; it is well known as the taroL West of the Ganges this formative 
proeess is specially active owing to the greater development here of the soft IJpp«r Siv&lik 
rocks, which aare the most abundant source of detritus. Some years ago, excavations in 
connection with the Eastern Jamna Canal brought to light the ruins of an ancient town. 
The tand in ilie Jamna-Ghinges Daab is scarcely a noticeable feature, owing probably 
to the good natural drainage; the watershed being here 400 feet above the Ghinges at 
Hardwir. Eastwards from the Gkmges the tartU becomes more and more distinct' In 
the same direction remnants of an andent bhdbar depont become frequent and of increasing 
elevation, till in the far east» at the base of the Sikim Himalaya^ they stand at 1,000 feet 
over the actual torrents. To the south of the plains some analogous cases of recent 
depodts may be found, but they are altogether insignificant ; the larger rivers there also run- 
mng in channels which they do not overflow to any extent. 

The phenomena under notice have been only incidentally examined, so that the sketch 
here ^ven is very incomplete and open to correction. 

Age of ike bhaitgar Idnd.-^lt having been shoWn that the great mass of the plains* 
deponts bdongs to a bygone period of formation, it devdves upon the geologist to ascertain 
the age and nature of the process. Tery little progress has as jet been made to that eud ; 
the systematic study of the question not having been taken up. Some have maintained 
that the depodts are marine or estuarine ; others, as seems most likely, that they are, at 
lesst to any observed depth, purdy flnviatile, by a process like what is now going on 
ia the Bengal Provinces. No trace of marine organisms has been found in them. But 
some bones of terrestrial mammalia were got in a hard bed of calcareous gravel in the bed 
of the Jamna near Et4w4 ; and which seem to belong to species or varieties now extinct • 
80 that those deposits will probably take rank among the later Tertiaries. From observations 
made in sinking wells along the line of rdlway, one of the engineers has stated the general sec- 
tion of the Ganges- Jamna Doab south of Aligarh to be^oem 36 feet, blue silt 90 feet, strong 
Uy 20 feet» resting on a water-bed of reddish sand, from which the water rises some 30 feet. 
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The bed of clay slopes from norih to south at abont two £eet in the mile^ the suxfaoe alojnng 
about eighteen inches in the mile. The water obtained from the blue silt is alwajB more 
or less saline. The only deep section of the plains-deposits is from the boring for an 
artesian well at Ambdla. This position, a little to the west of the Ganges-lndos watafahed* 
is on the zone of recent deposits ; the river channels are all superficial, and beoome loet in 
the desert country to the south. There is nothing in the section of the boring to mark a 
change from these surface deposits to others of an older period. None oould, indeed, have 
been expected, as it is only on an extended horizontal section that a plain of denudation, such 
as that of the present Ganges-Jamna Doab, could be detected between any older beda and 
perfectiy similar materials recently overlaid upon them. There is moreover no presumption 
that any such break exists in the plains-deposits west of the main watershed, or at least 
at that watershed. A single boring, too, can tell littie or nothing of the arrangement of the 
strata. The depth reached was 465 feet, or 450 feet above the sea-level. Frequent alter- 
nations of clay and sand were passed through. At 286 to 296, and 400 to 417 feet, coarse 
gravel and large stones were found ; strong beds of clay occurring again beneath. 

Kalar-lands, — The presence of alkaline salts to a very deleterious extent in the sub- 
surface water, and their appearance as an efflorescence in many parts of the country, has been 
an object of anxious enquiry in Upper India for many years back ; especially as it aeems 
on the increase, and most so in connection with irrigation. The efflozescence conaists 
principally of sulphate, carbonate and chloride of sodium ; more rarely nitrate ; and ooea- 
sionally with potassium as base. The crude salt with its earthy admixture is called iTo^or 
(Kullur). The cultivators also speak of 'it as usar and reh. But the former word is said 
properly to mean negatively sterile soil ; and reh is said to be properly applied to the carbonate 
of sodium (or natron). Several conjectures have been made as to the origin of the Kalan 
1, that it is an aboriginal ingredient of the soil ; 2, that it ia continually being elaborated 
from the soil by the action of water ; 3, that it is brought up by water from saline deposits at 
some depth from the sur&ce ; 4, that it is veiy largely and to an indefinite degree due to 
accumulation by evaporation from lodgement of inundation waters. It is not likely that any 
of these is the exclusive cause ; and it is most important to determine in what degree each of 
them may operate, with a view to determining the remedy to be applied in each ease. The 
third supposition, which would be the most unfavorable of all, may be set aside. There are 
some spots on the plains of Upper India, as at Bhartpdr, where deep brine-wells a^ 
worked ; but the ground near them is not JTa/ar-land ; and, on the other hand, through- 
out the tracts of Ealar-land the water of the deep wells is sweet, holding as little as, or 
even less saline matter than, the water of the great rivers. It is of course known that tiie 
Kalar salts are in the main the product of the decomposition of silidous minerals by 
atmospheric and other surface conditions. But the ingredients of alluvial deposits are 
entirely made up of mineral detritus that has already undeigone the priocipal phase of thia 
soil-producing action ; and its further decomposition would be very slow indeed. Whatever 
opinion may be maintained regarding veiy ancient f a^r-land, all the evidence upon the 
recent formation of these salts goes to prove that it is due to accumulation by evaporation 
in water-logged land ; and it is a necessary corollary from this that water-logging from river 
or canal inundation roust immensely increase the rapidity of its growth. Flooding from 
rain would be limited to the salt-resources of the ground affected, or of such local drainage 
as it received ; whereas river or canal inundation would be an inexhaustible source of importa- 
tion of these salts. Various remedies have been suggested for this most serious evil : the 
cultivation of plants, such as the barilla plant, which assimilates a large amount of some of 
these salts ; the application of suitable mineral manures, so as to fiusilitate the utilization of 
these salts by ordinary crops ; the application of efficient drainage. If one had only a 
definite amount of Kalar to deal with, as would be the case supposing it to be of purely 
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local origin, the applicatioti of the first two methods might be sufficient. Bat with an 
inezlianfitible and ever renewed source of the salt, such as is supplied by river and canal 
water (both being drainage water), it seems evident that efficient drainage is the only suffi- 
cient remedy. 

II. — ^ThE HlMALATAir BBOION. 

physical and Geological divisions. — ^In Kum&on and Garhw&l the boundary of the 
Province extends up to the great snowy range, the frontier of Tibet. West of the Ganges, 
the District of Dehra-Dun (including Jaons&r) comprises only a small portion of the Lower 
Himalaya. The mountain-area presents three well-marked physical zones. There is a 
narrow fringe of low hills, which, from their analogy to similar ridges in other countries 
named after the range to which they are subordinate, have been called the Sub-Himalayan 
range. North of these the mountains rise abruptly to an elevation of 6,000 to 7,000 feet ; 
and from here there'is a broad belt, some fifty miles wide, of ridges having this elevation, or 
bat veiy little over it, up to the base of the great snowy range. This middle zone has been 
designated the Lower Himalayan region. The geology of the hills has as yet been only 
cursorily examined. The rocks that appear within the limits of this province may be noticed 
under three heads : 1st, the Sub-Himalayan series, corresponding in distribution, at least in 
its upper groups, with the lower hills designated by that name ; 2nd, a limestone and slate 
series, occurring very constantly in a belt of varying width along the margin of the Lower 
Himalayas, as at Naini T&l ; and 3rd, a metamorphic series with granitic protrusions, form- 
ing the rest of the Lower Himalayan region, and also the line of snowy peaks ; dose upon 
the northern flanks of which, beyond the frontier, there rest the Paleeozoic and Secondary 
rocks of Tibet. 

The Suh'Simalayan Series. — The youngest of these divisions, the Sub-Himalayan 
series, includes a wide range of the Tertiary period ; from the nummulitics up to the Miocene 
Sivaliks ; and these are closely connected with the Pliocene deposits of the plains. In this 
series three well marked physical stages have been described. In point of elevation the order 
of sequence of these has been reversed — ^the oldest being highest and the youngest lowest, 
in their respective zones. This has not taken place by inversion ; nor yet (it has been 
argued) by upheaval in steps, through faulting. Appearances are best explained by the 
supposition, that during successive periods of elevation an irregular scarped line of erosion 
was weathered out along the newly raised strata (like the present cliffed face of the Sivalik 
hills) ; and that against this, as boundary, the newer groups of deposits were accumulated, 
just as we see the hhdhur slopes of the present day. As would result from such a prooess, 
the oldest group has been most elevated and longest exposed, and so has suffered most from 
denudation. Only remnants of it are left along the margin and on the flanks of the 
higher hills. 

The Subdthu group. — The typical area in which all the sub-divisions of the lowest 
group are seen lies out of the North-West Provinces, to west of the Janma. The hill 
stations of Kusaoli, Dagshai, and Sub&thu are on these rocks, which take their name from the 
last of these places. The base of the group consists of brown clays with limestones and 
fine sandstones, passing up into thick red clays and strong sandstones. The age of the 
lower portion is well characterized by abundant nummulitic fossils. Only a very small 
remnant of these beds has yet been observed in these provinces. It occurs on a g^p of the 
ridge bounding the Eastern Ddn, close above Rikik^s, and just north of the village of 
Bone. The hills of Kum4on and Garhw41 have been only cursorily examined, and other 
outliers of this group may yet be found. 

The Ndhan group.~[he middle group of the series is largely developed in the hills 
immediately at the base of the mountain range, as spurs of which they might be hastily 
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described ; but tbeir diBtincthess as a range is well marked by a line of low gaps and open 
longttndinal valleys along the geological boundary, the drainage passing through the rwige 
by narrow transverse gorges. iThese features may be well seen along the Western Ddn 
nnder Masuri. In the Eastern Ddn, from Rajpdr to the Ganges, this flanking range has 
been removed ; bat east of the Ganges it appears again in gfeat force, continning so ap to 
the Nepal frontier. The strata are web eipoeed along both roads up to Naini Til. They 
consist principally of massive gray sandstone (very like the molasse of Switzerland), with 
subordinate bands of day. The small nests of lignite found at many places in the sand- 
stone have more than once given rise to exaggerated hopes, and even to confident statements, 
as to the existence of coal. The fine haematite iron-ore of Dechouri near K41iddngi is 
only a local concentration of the iron oxide which occurs so freely disseminated as an ingre- 
dient of the clays. This middle member of the series has been called the Nihan gronp, 
from the chief town of Sirmtir* 

TJie Sivalih group, — The youngest member of the Sub-Himalayan series is the Sivalik 
group, so called from the name given to the outermost range of hills by Colonel Sir Proby 
Cautley, who found in those rocks the splendid collection of vertebrate fossils, partially 
described by Dr. H. Falconer in the Fauna Sivalensis. These hills are much lower than those 
of the middle group, from which they are generally separated by the broad longitudinal 
valleys known as the d^i«t«; which are structural features, not mere valleys of denudation* 
The form of disturbance of the strata is very regular : broad ' nonnal' anticlinal flezaree, 
the axis-plane sloping towards the mountains. The SivaHk hills have been weathered out 
along the axis of the flexures ; and the du/n» lie on the flat northern slope. The original 
' Sivalik Hills' are that well-defined portion of the range between the Ganges and the 
Jamna separating the Dehra-Ddn from the plains. From a short distance east of the 
Ganges the range is broken and scarcely recognisable, having probably been denuded off 
and covered up, if indeed it had ever been so prominent as to the west. The hhabar 
deposits here often reach up to the base of the inner range of the middle group of rocks. 
The P&tli Dun is an irregular valley of denudation in these hills of the N4han group. 
The lower part of the Sivalik group is very like the N4han group in composition, save that 
the sandstone is softer and fresher. At top there is a great thickness of conglomerate, both 
earthy and sandy. The physical separation between the Sivalik and the N4han group has 
recently been clearly made out ; but the distinction was unfortunately not observed in the 
collection or the description of the great series of fossils formerly procured from this region. 
The vast minority, if not all, of the large mammalian remains were obtained from the 
younger group ; some vertebrate fossils were found in the N4han rocks, but they were in 
great part lost or were mixed with those from the Sivaliks x a very interesting point — the 
comparison of the two fi&unas — was thus missed. 

Th€ limettone and slate series, — The second rock-system to be noticed consists of an 
unknown thickness of slates, limestones, and sandstones, forming the first range of the 
mountains from end to end. The stations of Chakr4ta, Masuri, and Naini T41 are on those 
rocks. The strata are greatly contorted, although preserving a strike approximately parallel 
to the mountain range ; and the relations of the several bands of rock can now be only 
vaguely suggested. From the more r^ular sections in the hills west of the Jamna the 
series has been roughly divided, in descending order, into — The Krol limestone; the 
Infra-Erol slaty shale (often carbonaceous); the Blini limestone and conglomerate; the 
Infra-Blini slates. It is the Krol limestone that determines the picturesque outline of the 
outer ranges, as at Naini Tal, compared with that of the great mass of the Lower 
Himalayan region. The Blini limestone has also been traced eastward, along the outer flanks 
of the mountains, to as far as under Naiiii T41. The Krol group has been asserted to be of 
triassic age ; but the only fossils certainly known to have been procured from these rocks 
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within these proyinoes were some indetenniiiate casts of bivaTves from a band of limestone 
in the fi^orga of the Tfil river, at th« east end of the Dehra-Ddn. The lead-mines of Sirmdr 
and those near Subathn are in this series of rodu. Trappean introsions occur at many 
place* in them. 

The metamorphie series. — ^At many places, as on the Simla section, there is a complete 
transition from the slate series into the crystaUine schist series, through a graduated meta- 
morphism. Elsewhere the passage is abrapt» as in the valley north of Naini T41, where the 
junction is complicated by profnse trappean intrusion. The great mass of the lower Hima- 
layan T^on, and also of the snowy range, is composed of crystalline schists, gneiss, and 
granite. There is a large mass of intrusive granite near Almora. Copper ores occur at many 
places, and are worked by the natives. They have not been favorably reported on by Euro- 
pean mineral-viewers. There are also many fine bands of rich iron ore ; but the inacoes- 
sibilitj of the ground prevents their being extensively used. Impure graphite is found in 
several places. 

in. — Thb Peninsulas bbgiok. 

Although the rock -area south of the phdns and within the North- Western Provinces is 
very small, it forms an extended line ; and thus it includes representatives of the principal 
rock-aeries of Hindustan, excepting only the Deccan trap formation and the cretaceous rocks 
below it There are thus to be noticed — 

The coal-bearing series. 
The Yindhyan series. 
The slate series. 
The schist and gneiss series. 

The eoahhearing series, — ^The great plant-bearing series of rocks, so widely scattered 
over India, has been divided in different basins into a number of well-marked groups. But 
the characters of many of those sub-divisions, or their equivalence in time, do not exactly 
correspond from one basin to another, so that it is impossible as yet to adopt a scale of 
groups applicable throughout The two bottom groups of the series are the most widely 
distributed and the most constant in character. The Talchlrs, the lowest group, is of 
special interest as exhibiting undoubted glacial action in very ancient rocks (probably 
Palseoasoic), and in what is now an intertropical latitude. Hie most characteristic bed of 
this group is a fine greenish-gray silt, in which there firequently occur huge boulders of rock, 
sometimes rounded, and sometimes, in the same spot, quite angular, occasionally polished 
and deeply grooved by friction ; just as is at present only known to occur in glacial deposits. 
It is not possible at present to conjecture to what conditions — whether to great elevation, 
or to change of climate from cosmical causes — ^these phenomena were due. In most of 
the fields throughout India the coal-measures are confined to the Barak&r group, which 
is largely made up of coarse f elspathio sandstones. 

In British Singrowli, the southern extremity of the Mirzaptir District, there are 
about forty square miles of the Talchir group exposed ; and about twenty more overlaid by 
the Barak&rs. From the Eota mine in Singrowli all the coal was procured, which used in 
old times to be carried on pack-bullocks for forty nules, across the Vindhyan plateau, to 
Mirzapdr, for the steamers on the Granges. The sandstone forming the small plateau over 
the coal-measures at Kota probably belongs to one of the upper groups of the series. This 
is the only patch of this series of rocks within the North- Western Provinces. It is the 
eastern extremity of the great central basin of South Biwah. 

TKe Vindhyan series : its characters. — The base of the plant-bearing series is separated 
all over India by total unconformity, involving a great break in time, from the next preced- 
ing formation, which is known as the Yindhyan series. The prectse range of this series has 
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not yet been fixed. The rocke to which the name was first given, or rather adopted from 
the old geographical name» are the strong fine sandstones forming a very long range of clifis 
along the north side of the Narbad& valley from Hosnngahad to Jahalpur, and oontinQcras 
thence along the north of the S6n valley to Sasseram in Behar. As the sandstones iwede 
firom this line of diffs, they become steadily split np by thick bands of shales, with lime- 
stones, and so necessitating a division into three principal g^nps, as Bhanrer, Biwah, and 
Kaimur, forming the original Vindhyan series. In the S6n valley the sandstone cliff is 
weathered back to the north of its line in the Narbada conntiy ; thns exposing older beds, 
underlying the Kaimur sandstone. These consist of limestones, fine flaggy sandstones and 
shales, with strong bands of very peculiar poroellanio and trappoid beds ; the whole forming 
a series of local groups. Beds of exactly the same description as those of the S6n 
YaUey appear again along the north edge of the Vindhyan basin; and here also they 
stop out against the gneissic rocks of lower Band^lkand, and so are entirely over- 
lapped by the Kaimur sandstone. They were here first described as the Semri series, 
but are now properly merged in the Sdn series. As these strata present throughout 
steady parallelism with the Vindhyan beds above them, both occupying the same basin, 
being alike affected by local disturbance, and alike free from any symptoms of meta> 
morphism (except the conversion of the sandstone into quartzite in certain positions 
of disturbance), the name Vindhyan has been extended to the whole series, with only 
the distinction of Upper for all the original Vindhyans and of Lower for the S6n 
series. On the north side of the gneissic area of lower Bandelkand, about Gwalior, there 
is a group of rocks resting, just as the upper Vindhyans themselves do, upon an old surfiw^e 
of the gneiss ; they have scarcely undergone any more disturbance or metamorphism than 
the Vindhyans ; but the Kaimur conglomerate rests unconformably upon an ancient surface 
of erosion of these rocks, and is largely made up of their d^ris. There is, however, 
at least one marked character common to the Gwaliors and the lower '^ndhyans— the 
peculiar poroellanio and porphyritoid beds occur in both ; and it would be by no means 
improbable to suppose that the two are in part cotemporaneous deposits. There are 
also marked 'differences between them; the Gwaliors are highly ferruginous and include 
some strong sheets of cotemporaneous basic trap. These new characters, on the other 
hand, suggest another link in the descending series of formations : recrossing the same 
gneiss, to the south, we find in the Bij4war country a new group of rocks, still again 
resting flatly upon an eroded surface of the gneiBS, only partially disturbed and showing only 
incipient metamorphism, but upon which the original lower Vindhyans rest unconformably. 
Cotemporaneous trap and highly ferruginous deposits are marked features of this Byawar 
group ; and it would not be extravagant to assume that it is, in part, cotemporaneous with 
the Gwalior group. Again, in the S6n Valley, the lower Vindhyans rest with extreme 
unconformity upon beds that have been thought to represent those of Byiwar, and which 
have become highly metamorphic and associated with gneissic rocks. We thus finally arrive 
at the suggestion of a younger and an older gneissic series; without finding, below the 
Vindhyans proper, a clearly marked physical break applicable generally over even so small a 
geological field as the Indian Peninsula. 

The stratigraphical difficulties observed in the preceding paragraph might be removed 
by the aid of fossils ; but to the great disappointment of geologists in India, the Vindhyans 
have as yet yielded no organic remains, although the undisturbed and unaltered strata 
composing them, often covered with fine ripple marking, continually tempt one with the 
hope of successful search. Some forms supposed to be corals were found by Mr. Hacket in 
a limestone of the Gwalior series. 

Besides producing in abundance building stone of first rate quality and limestone, 
the Vindhyans are only remarkable as containing diamonds. The mines near Pann4h are 
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now more worked than any others in India. The gem is, of course, found in the dilunal 
deposits ; but the diggings most prized are in the Biwah group of the Vindhyan series. 
Althougfh, however, this group has a very wide range, diamonds are not known to occur 
in it beyond a very limited tract in the State of Pannah. This fiust and other obeerTations 
bsTo suggested that the diamond was not originally formed in the Riwah group ; but rather 
in some peculiar contact-rocks at the base of the lower 1/indhyan, or S6n, series, and well 
exposed in the sections close to the north of Pannah. 

Its dutribution. — ^The Karamn&s&» forming the eastern boundary of the North-Westem 

ProTinoes, flows from the eastern extremity of the Vindhyan plateau. From here to 

^utehpiir Sikri (which stands upon a ridge of Bhanrer sandstone), south of Agra, the north 

Msrp of the Yindhyans corresponds approximately with the south boundary of the 

prorinoes ; the native states of lower Bandelkund being intricately interwoven with the 

districts of Banda, Lalatpdr, and Jhansi. Only, on the east, the Mirzaptir district stretches 

soathward across the Vindhyan plateau, here formed of the Eaimur group, and across the 

S6n TsUey, where there is a full section of the lower Vindhyan, or S6n, series. The 

northern outcrop of this same series is exposed in the Banda district, about Kirwi. The 

Owalior series just touches the border of the province in the £t4wah district. 

2%€ alaie series. — In discussing the range of the Vindhyan series, the Bij&war 
fofrmaition was mentioned as showing incipient metamorphic action. It is made up of 
homstone-breocias, quartzite-sandstone, cherty limestones, ferruginous sub-schistose slaty 
ihalesy and thick sheets of basic trap -rock. The districts of Banda and Lalatpdr just touch 
upon the original area of these rocks in Bijawar. In the Mirzapdr district, in the hills 
south of the S6n, similar rocks occur, in a state of high contortion, and connected on the 
BouUi with a broad band of clay-slates, which are in turn intimately associated with 
crystalline schists and gneiss. 

Tke sehist and gneiss series, — The wide bay formed by the Vindhyan scarp between 
Gwaiior on the north-west and Kirwi on the south-east is occupied by highly metamorphic 
rocks,— coarse porphyritoid gneiss and crystalline schists. In the districts of Jhansi and 
Lslatptir these rocks appear freely ; but to the north-east, in the districts of Jaloun, Hamirpdr, 
and Banda, outcrops become more and more scarce as the rock disappears under the 
plains deposits. The strike of the foliation and of the bedding, where observable, is 
generally east and west. Greenstone dykes are very abundant, with a prevailing north-west- 
south-east direction. None of these dykes pass into any of the overlying sedimentary rocks, 
and aie therefore presumably of older date. The most striking feature of this area is 
the prevalence of great quartz-reefs, standing up in great wall-like ridges, sometimes 
more than three hundred feet high, many yards wide, and running quite straight for 
several miles continuously, or with intervals appearing again on the same strike. They 
have a prevailing north-easterly run, but exceptions are frequent. These also are certainly 
older than the Bij4war formation, and also apparently older than the trap dykes. It has 
been thought that gold should be found in or about these great quartz-reefs ; but there is 
no trace or tradition of its occurrence. According to some theories, this would be accounted 
for by the extreme antiquity of these reefs and of the enclosing gneiss. 

The gneiss at the southern point of the Mirzapdr district in Singrowli belongs to the 
great metamorphic area of Behar and Bengal. Here also massive porphyritic and granitoid 
gneiss is the predominant ro<^, with subordinate bands of hornblende schist. There is a 
strong band of fine Corundum in it near the village of Pipra. Bands of crystalline 
dolomite and limestone are also frequent in this gneiss ; whereas none whatever has been 
observed in the gneiss of Bandelkund. 

H. B. MEDLICOTI. 
September 1872. 
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DONATIONS TO MUSEUM. 

S. E. Peal, Esq., Assam.— A supposed ancieDt stone implement foand in tbe common claj 

at Seebsaugor. 

A. Stbwabt, Esq., Collector, Rajamnndry, Godavaii District. — A series of InteTtrappeaa 

fossils from Kateroo, Bajamundrj. 

C. U. Sbepard. — A small portion of the Meteorite which M\ at Searsmont, Walds Go.. 

Maine, U. 8. A., fell 2l8t May 1871. 

Db. Bibch, 10th N. I., Barrackpore. — ^A specimen of calcareous tufa (statactitic) from 

Boss, Hokatoka, West Coast of New Zealand. 
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Titlet of Books. Donorg. 

Annual Reports of the Superintendent of the Coast Survey for 1851-52, 1853, 1854, and 1858. 

4to., Washington. 

Museum, Cohp. Zool., Hartabd. 

Archaeological Survey of India. Reports for 1862 — 1866, Vols. I and II, (1871), 8vo., Simla. 

Hoke Office. 

Elliot, Sib H. M.— The History of India as told by its own Historians, Vol. IV. The 

Muhammadan period, (1872), 8vo., London. 

GOVEBKMBNT OF IkDIA. 

Geological Survey of Illinois, Vols. Ill and FV, Geology and Palteontology, 1868 and 1870, 

8vo., Springfield. 

MusEuu, CoMP. ZooL., Habtabd. 
Hectob, James. — Geological Survey of New Zealand. Reports of Geological Explorations 

during 1870-71, with maps and sections (1871), 8vo., New 

Zealand. 

Geological Sub vet of New Zealand. 

Huxley, Thomas H.—A Manual of the Anatomy of Vertebrated Animals (1871), 8vo., 

London. 
Jaabboek van het mijnwezen in Nederlandsch Oost Indie. Jaarg. I, Deel. I, (1872), 8vo., 

Amsterdam. 

NbTHEBLAKDS' Gk)TBBKMBKT. 

Mabkhau, C. R. — Abstract of the Reports of the Surveys and of other G^eographical 

Observations in India for the year 1870-71, (1872), 8vo., London. 

Ikdia Offick. 
Packabd, a. S. — First and Second Annual Reports on the injurious and beneficial Insects 

of Massachusetts (1871 and 1872), 8vo., Boston. 

Pbabodt Acadeut of Scibkcb. 
Injurious Insects, new and little known (1870), 8vo., Salem. 

Ditto. 

Record of American Entomology for 1868 and 1870, (1809 and 1871), 

8vo., Salem. 

Ditto. 

ScuDDEB, Samuel H.—A systematic Revision of some of the American Butterflies (1872)> 

8vo., Salem. 

DiTTft. 
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TiiU* qf Books. Donors. 

SowBBBT, Jamis.— Mineral Conobdogy of Great Britain, Vol. YII, Nos. 106 to 113, (1840) 

8vOm London. 

Tats, Balfh. — ^Rudimentary Treadse on Geology, Part II. Historical Geology, (1871), 

8vo., London. 

Walkbb, CoLOiTBL.— JSfotes on the Harmonic Analysis of Tidal Observations, (1872), Svo., 

London. 

Thb Author. 

PERIODICALS. 

American Journal of Concbology, Vol. YII, part. 4 (1871*72), 8vo., Philadelphia. 

„ „ of Science and Arts, 3rd Series, Vol. lY, Nos. 20 to 23 (1872), 8vo., New 

Haven. 

Naturalist, Yol. II, (1868), Y, (1871), 8vo., Salem. 

Pbabodt Acadbmt of Scibkcb. 
Annales dea Mines, 7tb Ser., Yol. I, liv. 8, (1872), 8vo., Paris. 

L'AdKINIBTB. DBS MiNBS. 

AdbsIs and Magazine of Natural History, 4th Series, Yol. X, No. 59, (1872), 8vo., London. 
„ of Indian Administration for 1871-72, YoL XYI, part. 2, (1872), 8vo., Serampofe. 

GOTBBNMBNT OF InDIA. 

Archiv fur Naturgescbicbte, Jabrgang XXXYII, heft 4^ (1871), 8vo., Berlin. 
Geological Magazine, Yol. IX, Nos. 9 to 11, (1872), 8vo., London. 

Indian Economist, with Agricultural Gazette, and Statistical Reporter, Yol. lY, Nos. 2 to 4^ 

(1872), 4to., Bombay. 

GOTBBNMBNT OF IndIA. 

London, Edinbui^b, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Yol. XLIY, Nos. 293 & 294, (1872), 8vo., London. 

Xeaes Jahrbuch fur Mineralogie, Geologic, und Palseontologie, Jabrgang, 1872, heft 5 & 6, 

(1872), 8vo., Stuttgart. 

PKTBBMAir, Db. a.— ^leographiscbe Mittheilnngen, Band XYIII, Nos. 8 to 10, (1872), 4to., 

Gotha. 

Proferaional Papers on Indian Engineering, 2nd Series, Yol. I, No. 6, (1872), Svo., 

Roorkee. 

Pbxvcipal, Thoikason Collbob. 
Quarterly Journal of Science, No. 36, (1872), 8vo., London. 

GOYERNMENT SELECTIONS. 

Bbitish Bubma — ^British Burma, General Department. Reports on Hospitals and Dispen- 
saries for 1869-70, (1872), 8vo., Rangoon. 

Chibf Commisbiokbb, Bbitish Bubma. 
„ British Burma, General Department, (Sanitary). Report on Sauitary 

Admmistration for 1871, (1872), 8vo., Rangoon. 

Ditto. 
British Burma, Judicial Department, (Police). Report on Police 
Administration for 1871, (1872), 8vo., Rangoon. 

Ditto. 
British Burma, Judicial Department Report on Criminal and Civil 
Justice for 1871, (1872), 8vo., Ranffoon. 

Ditto. 
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Titles of Books. Donors. 

Bbitibh Bubma.— BritUli Burma, Politieal Department. Report on the AdministnUioD ot 

the Hill Tracts, Northern Arrakan, (1872), 8vo., Rangoon. 

Chief Commissionsb, Bbittbh Bubxa. 

„ Britiflh Bnrm&k Revenue Department, (Exdse). Report on Ezdae Admin- 

istration for 1871-72, (1872), 8vo., Rangoon. 

Ditto. 

„ British Burma, (Miscellaneous). Report on Revenue Adminisixation for 

1871-72, (1872), 8vo., Rangoon. 

I>ITIO. 

Jin>iA.--0u5yiNOHAM, J. M. — ^Eighth Annual Report of the Sanitary Commissioner with 

the Gbvemment of India, 1871, (1872), flsc., Calcutta. 

Gk>TBBKMBirT OF IhDU. 

„ Karrative of the Course of Legislation by the Council of the Cbyemor (3eneial 

during the official year, 1871-72, (1872), 8vo., Calcutta. 

Ditto. 

„ Selections from the Records of the Government of India, Department of Agricul- 
ture, Revenue and Commerce, No. 90. Extracts from the Reports 
of the Trigonometrical, Topographical, and Revenue Surveys of 
India for 1870-71, (1872), 8vo., Calcutta. 

Ditto. 

Nobth-Wbstbbn PBOViircBS. — Cabmichabl, C. p. — Report on the Administration of the 

Police of the North- Western Provinces for 1871, (1872), flso., 
Allahabad. 

GOYBBNMBNT, N. W. PBOyiKCBS. 

Punjab. — Report on the Administration of the Punjab and its Dependencies for the year 

1871-72, (1872), 8vo., Lahore. 

Punjab GovBBirMBirT. 

TRANSACTIONS, Ac. 

Bbblin.— Monatsbericht der ^onig. Preuss. Akad. der Wissenschaften, May to July, (1872), 

Svo., Berlin. 

Thb Acadbxt. 

„ Zeitschrift der Deutschen Gkologisohen Gesellsohaft, Band XXIY, heft 1—2, 

(1872), 8vo., Berlin. 

Thb Socibtt. 

Boston.— Journal of the Boston Society of Natural History, Vol. IV, Nos. 2— 4^ (1844), 

8vo., Boston. 

Ditto. 

„ Memoirs of the Boston Society of Natural History, Vol. 11, pt. 2. On the Deve- 
lopment of Limulus Polyphemus by A. . B. Packard, (1871)» 
4tQ., Boston. 

Ditto. 

Bbbblau. — Achtundvierzigster Jahres. Bericht der Schlesischen Ctesellschaft forvaterlan- 

^isohe Culture (1870), 8vo.« Breslau. 

SiLBSiAN Socibtt, Bbbslav. 
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Titles of Booh*, Donors, 

Cai^cittta. — Joarnal of the Anfttic Sooiety of Bengal, New Ser.» Vol. XLI, part I, Ko. 9» 

part II, No6. 8 and 4^ (1S72), 8vo., Calcntta, 

The Sogistt. 
»• ProoeedingB of the Asiatic Sodefy of Bengal, No. 9, November, (1872), 8vo.» 

Calcutta. 

Ditto. 
„ Beeorda of the Geological Snrvey of India, Vol. Y, pt. ^ (1872), 8yo., Calcutta. 

Thb Sitbtbt. 
Cambbid6B,Ma88.— BnHetin of the Museum of Compaiatiye Zoology, Vol. I, Nos. 1—7, 

and III, Nos. 2—4, (1869 and 1871), 8ro., Cambridge. 

MUSBVM, COMF. ZOOL., HaBYABD. 

„ Catalogue of the Museum of Comparative Zoology at Harvard College, 

No. lY, Fourtal^, L. F. de. Deep-sea Corals, (1871), 8vo., 
Cambridge. 

Ditto. 
, Annual Beport of the Trustees of the Museum of Comparative Zoology 

at Harvard College for the years 1868—1871, 8vo., Boston. 

Ditto. 
,. Memoirs of the American Academy of Arts and Sciences, YoL I, (1785), 

to lY, (1821), 4to., Cambri^o. 

The Agadbut. 
DBBeDKir. — AcademisB CsesaresB-Leop. Nat. Cur. Ephemerides sive observationum Med. 

Phys. centuria I, (1712), to X, (1722), 8vo., LipsiiB. 
„ Acta Physico-Medica Academise CsBsaree Leopoldino-Carolinsa Nature Curioso- 

rum ezhibentia Ephemerides, YoL I, (1727), to X, (1754), 8vo., 
Norimberga. 
M Abhandlungen der romisch-kaiserlichen Akademie Medicinisch, Chirurgisch 

Anatomisch Chymisoh und Botanische, YoL I, (1755), to XX, 
(1771), 8vo., Norimberga* 
Nova Acta Physico-Medica Academi» Csesaren Leop.-CaroL Nat Curio. Ephe- 
merides, I, (1767), to YIII, (1771), 8vo., Norimberga. 
Novorum Actorum Academic Cnsaree Leopoldino-Carolin» Natursd Curio- 

sorum, YoL IX, (1818), to XXXIII, (1867), 4to., Dresden. 
Miscellanea Curiosa, YoL I, (1670), to XIII, (1705), and Index (1670—1705), 

8vo., Norimberga. 
„ Kellnbb, W. a., and BOchnbb, A. E. — ^Index rerum memorab. que in 

decuriis III, ac centuriis X, Ephemeridum ab anno 1670—1722 
(1739), 8vo., Norimberga. 
„ Commercium Litterarium ad rei medicss et scientiiB naturalis incrementum. 

Anni 1731 — 1745, 8vo., Norimberga. 
» Buchner, A. E. Academic sacri Bomani Imperii Leop.-CaroL Nat. Curio. 

Historia, (1755), 4to., HaUe. 

„ Nbiobbaubb, J. D. F. — Geschichte der Leop. Carolinischen Deutschen 

Akademie, (1860), 4to., Jena. 
„ Sitzungsberichte der naturwissenschaftlichen Oesellschaft Isis in Dresden 

Jahrg., 1871, Juli to Sept, 8vo., Dresden. 

Thb Ins SoctBrr. 
FLOBB]iGB.~Bonettino B. Comitato Greokgioo d' Italia, Nos. 7—10, (1872), 8vo., Floronoe. 

Thb Socibtt. 
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TUUi (if Books. Domon. 

LojTDojr.— Joamal of the Bojal Asiatio Bodety of Great Britua and Imbad, New Series, 

Vol VI, part 1« (1872), 8yo.» Landon. 

Thb Socimr. 
M Menkmn of the Geological Sotrej of the United EingdoiiL Figores and Descrip- 

tions illoetraiive of British Organic Remains, Decade XlIX, 
(1872), 8vo., London. 

GxoLooiOAL SuBTST OF Gbrit BsiTinr. 
,, Memoirs of the Geological Snnrey of England and Wales. Explanation of 

Quarter Sheet, 88 N. E., of the Geological map of Engknd 
and Wales, illustrating the Geology of the neighhonrhood of 
Dewsbury, Hnddersfield, and Halifax, (1871), 8vo., London. 

Ditto. 
f, Memoirs of the Geological Survey of England and Wales. Explanation of 

Quarter Sheet, 93 S. W., of the one-inch Geological Survey map 
of England, illustrating the geology of the carboniferous 
rocks north and east of Leeds, and the Permian and Triassic 
Tocka about Tadoaster, (1870), 8vo., London. 

Ditto. 
„ Geological Survey of England and Wales. Geology of the country between 

Liverpool and Southport, and explanation of geological map, 
90 S. E., by Charles E. de Ranee, (1870), 8vo., London. 

Ditto. 
„ Memoirs of the Geological Survey of Great Britain and of the Museum of 

Practical Gkology. Mineral Statistics of the Unitod Kingdom of 
Great Britain and Ireland during the years 1869 and 1870, (1870 
and 1872), 8vo., London. 

Ditto. 
„ Memoirs of the Geological Survey of England and Wales, Vol. lY, Whitaker, Wm. 

The Geology of the London Basin, part I. The chalk and the 
eocene beds of southern and western tracts, (1872), 8vo., London. 

Ditto. 

„ Proceedings of the Royal Society, Vol. XX, Nos. 136—196, (1872), 8vo., London. 

Thb Socibtt. 

„ Ray Society. Allmak-Gbobob, J. A monograph of the Gymnoblastic or 

Tubularian Hydroids, (1872), 4to., London. 

McKCHBN. — Abhandlungen der Mathematische-PhysikaliBchen classe der k. b. Akad. 

Wissenschaften, Band XI, abth., (1871), 4to., Miinchen. 

Thb Acadbmt. 

„ Sitzungsberichte der Mathematische-PhysikaliBohen classe der k. k. Akad. 

Wissenschaflen zu Miinchen, 1871, hefib. 3, and 1872, heft 1, 
8vo., MiincheB. 

Ditto. 

„ Sitzungsberichte der konig. bayer. Akademie der Wissenschaften zu Miinchen, 

1869, 1, heft 4 and II, heft. 1 and 2, 8vo., Miinchen. 

Ditto. 

PHiLAjySL^PHtA.*-' Journal of the Academy of Natural Sciences, Philadelphia, New Ser., Vol I, 

a847), to lU, (1856), 4to., Phikdelphia. 

Thb Acadbmt. 
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TUle9 tf Boohs. Donon. 

Phii.ai>blphia. — Frooeedings of the Academy of Nataral Sciences, Philadelphia, 1857^ 

1868 ; pp. 66-144 of 1861 ; Nos. 1—6 of 1862 ; Nos. 1—2 of 
1869, 8vo., Philadelphia. 

MUSBITM, COMF. ZOOL., HaBYABD. 

„ Journal of the Franklin Inntitnte — 

Ist Ser., Vol. V— VI, (1828), 
2nd „ Vol. in, (1829)— XXVI, (1840), 
3rd „ Vol. I, (1841)— IXXII, (1866), 
„ „ Vol. XLVII, No. 6, (1864), LXm, No. 6, and 
„ „ Vol. LXIV, Nofl. 1—3, (1872), 8vo., Philadelphia. 
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Thb BiSB^MPt^B CoAL-FiBLD, by Y. Ball, m. ▲., Geological Survey of India, 

The above name being that of the capital town has been given to an area of coal- 
|i v^^^ measure rocks which is situated in the eastern poridon of the 

comparatively low-ljing ground of Central Sirguj4. On the 
north and east the limits of the original basin of deposit are 
defined by, in the former case, a ridge of low hills composed of metamorphic rocks, and in 
the latter by the flanks of a plateau formed of the same rocks. This plateau rises from 1,000 
to 1,900 feet above the generally elevated country of Western Chota N&gpur ; thus forming 
a step or barrier between Lohardugga and Central Sirguj&. 

In some cases the ancient valleys and indentations in these bounding walls of the basin 
are occupied by prolongations from the rocks of the T41chir formation, which, as they crop 
out on aU sides, probably underlie the coal measures throughout. Instances occur, notably 
one, where spurs from the metamorphics penetrate into the area now occupied by the coal 
measures. With these exceptions the latter lie within well defined boundaries, which, to a 
comparatively small extent only, have been affected by faults. On the south and west the 
case is very different. The original boundaries of the coal measures are far removed from the 
present limits ; and broken and semi-detached extensions of the sedimentary rocks, especially 
the T41ch(r8, connect the BiBr&mp{ir field with other coal-fields, which, however, for all practical 
purposes are, and for purposes of description may be, most conveniently regarded as distinct. 

The coal measures whose limits have been thus defined occupy an area of about 400 

square miles, throughout which, except in the river beds or their 

immediate neighbourhood and on a few small hills, no rocks are 

exposed : a considerable covering of alluvium concealing all. To such an extent is this the 

case that a traveller might pass over the Bisr&mpiir and Part4bpdr road for twenty-two miles 

without seeing a single outcrop of Bar&kars, save at two or three of the river crossings. 

The level of this area falls gradually from south to \iorth, Bisraropdr at the south-east 

comer being 1,943 and Kiunra on the northern boundary 1,747 
feet above the sea level. 

The drainage of the eastern three-fourths of the field is effected by the M&h&n river 
and its tributaries. The waters of the remainder are carried directly into the Rehr by the 
Pas&ng and other smaller tributaries. The M&han itself joins the Behr at a point a few 
miles to the north-west of the field, in its course traversing a channel deeply cut in the above 
mentioned barrier of metamorphic rocks which bounds the field on the north. This fact, if 

others were wanting, affords evidence of the immense denudation 

which has taken place. But in the isolated Pilk4 hill, formed of 

the upper sandstones which rest on the southern boundary of the field, there is a remnant 
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of the rocks, which, with a coTering of trap, fiUed up the hasina and valleys exLstiiig in & 
ancient metamorphic area. Thus, we can see what were the conditions which gave the mc 
a fall from ahove, sufficient to enahle it in the long lapse of time to cut down through vhn, 
under other circumstances, would have heen an insurmountahle obstacle to the ibrmatioB of 
a drainage outlet for this area on the north. 

Under somewhat similar conditions, two other considerable rivers, the Kunbur isd 
Behr, have cut gorges for themselves, through which they are gradually removing away l1 
traces of those rocks whose former presence enabled them to force their way to the Sone. 

Thus the valleys and basins are being sculptured and cleared out anew, the sedimentair 
rocks broken up into detached areas, and the basal metamorphics gradually re-exposed to 
the direct action of denudation. 

Previous to the first visit of the Geological Survey, the information regarding th« 

existence of coal measures in Sirguja waa of a somewhat hizy 
character, being chiefly confined to brief notices by the district 
officers, who in their tours had seen or heard of the existence of coal seams. 

Colonel OnBeley, J. A. S. B., In a paper on the antiquities of Sirguja, Colonel Ouseley men- 

xvii, 1848, y. 66. ^^^^ ^^ occurrenoe of coal, iron, gold, ochre, marble and lime in 

that district. 
In Mr. Greenongh's map the Damdda valley coal measures are connected with these 
Greenoujrh, Brit. Asa. Ro- ®^ Sirguj4 and the Hutso valley. The incorrectness of this wm 
port for 18M, and m»p. pointed out iu the Eleport of the Committee on Mr. Greenough's 

map, appointed by the Asiatic Society in 1866. Vvde J. A. S. B., XXV, p. 426. 

C«lonelHau«htoii,J.A,8. Colonel Haughton states "the Gangpur coal formation is 

B., 1854. p. 106. probably connected with that of Sirgfuj4 and Palamow; but on 

this point I have no reliable data." 

Colonel Dtlton, J A 8 B ' Colonel Dalton alludes to the occurrence of coal in parts of 

xxxiv, pt. II. No. i. i8e6. ' Sirgdja. 

Localities for coal are given on the 1-inch maps constructed under the superintendence 
Topographical Survey Hapa, ^^ Major Depree and Captain Sale. Reference will be made to 
18S7-68. these localities in the following pages. 

I. — Gbnebal Geology. 
The sedimentary rocks of this area are referable to tliree formations, viz, :— 

T&lch(r series. 

Damiid^ series (Barakar group). 

Upper sandstones ( = Mdhadevas P) 

As to the maximum thickness of the Talchlrs, there are no sections sufficiently definite 

to enable us to determine its amount with certainty ; but in no 
part of the field where the rocks of this formation are exposed do 
they reach 200 feet. In the clearest section in the area — in the Goinghatta — ^the same beds 
roll over and over and it is impossible to measure them. Outside what we have adopted as 
the limits of the present description, there may be a much gireater thickness, and in one 
section underneath the Mdin pat, they certainly do exceed 200 feet. 

Similarly with the Bar&kars, though occupying a considerable area, there is no tilting 

. or disturbance of the beds for any continuous distance, the con- 

sequence being that no measurements can be made which are of 

> the least value for determining the thickness^ The prevalence of sandstones to the almost 
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toted exclusion of the other rocks which go to make up the Bar&kar group in the eastern 
^ ?i ooal-fieldB renders it impossible to identify individual beds in sections at any distance from 
one another. And the coal seama are far too irregular and variable in thickness to be of 
much use for this purpose. 

From the general horizontalitj of the beds, from the character of the basin in which 
le jf they lie, and the outcropping of the T4lchirs on all sides, it is evident that, as compared with 
. ,r_ the eastern fields, the thickness must be inconsiderable, and I find it difficult to bring myself 
•^ . . to believe that it anywhere amounts to even as much as 500 feet. 

With the upper sandstones it is less difficult to assign a definite thickness, though it 

Upper landstonea. ^ * minimum one. The horizontal beds which form the Pilkfi 

hill are about 1,000 feet thick. « 

II.— TiCLCHiBS. 

The natural geological boundaries of the Bisrdmptir coal measures include an area suffi- 
Extent of TAlchfrt. ciently limited and compact for convenient description ; but such 

is not the case with respect to the underlying Talchirs. Were 
the usual practice — one very well suited to the T41ch(rs underlying the coal measures of the 
eastern basins — of following out the rocks to their extremest limits adopted in Western 
Cbot4 Nagpdr, we should find ourselves obliged to follow the extension in one direction 
towards Biw4 and Mirz&piir, and in the opposite some 100 miles or so towards Sambalpur. 

As it has been found with the metamorphic rocks elsewhere, so the T&lchirs, which 
spread over such an enormous area in Sirguji, can be most satisfactorily discussed in a 
general account of the district, apart from their relations to any particular basin occupied by 
coal measures. 

In describing the distinct areas of coal measures which occur in Western Chota N&gpdr, 
I propose in future to adopt artificial boundaries, which will include a limited mai^in of 
the surrounding rodss. 

In the present instance the Rehr river serves as a very conyenient boundary, except for 
Limit* of TAcUn hwe ^ short distance near Faharbull4, where the coal measures tbem- 
^**^"**^ selves cross it. 

On the north of the field, outside the fault which bounds the coal measures, there are 
TflcblnwMkof Kiunrf. ^^ patches of Tilchirs. The principal of these situated west 

of the village of Kiunr4» is of an irregular triangular shape, and 
is traversed by the Mah&n river. The rocks in the lower portion of this area adjoining 
the fault are pebble and boulder beds, with some hard sandstone: the latter I did 
not at first recognise as belonging to the Tdlchir formation, but further on it is seen to pass 
into true T41ch(rs, which extend up the Suk4ia river for about a mile. A short distance 
north-east of Sugri these rocks are cut ofiE by a ridge of slaty quartzites. In the upper 
^reaches of the stream just mentioned, outside our limits, there is a strip of Talchirs the 
boundaries of which have not yet been mapped. 

The second patch of Tilchfrs lies south of the village of Mah4ispur ; it is of quadran- 
TAlchfra th f MAhfi dr g^*' shape, and is in area about IJ- square miles. Its northern 

boundary is very irregular, a stream which runs with it alternately 
exposes Tdlchfrs and metamorphics. 

?rom the position of the faulted boundary, which is well seen in the Bankf river close 
hj, there can be little doubt that these patches lie outside the run of the fault, but I did 
not succeed in finding any point where the section showed direct opposition of the edges, 
of the fiar4kars and Talchirs. 
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From tbe eastern comer of the field, a long irregalar strip of TilcMrs runs with tiie 
-,^1., . »#^v^ II valley of the M4h&n towards Uphii, near which place it probably 

disappears under the sandstones exposed on toe sonthem face of the 
Hailan pAt. So far as it could be traced between nphi& and B4rb4spdr, it appears to be 
unbroken for about fourteen miles. When it does not occupy the present bed of the riYer, it is 
often much obscured by alluvium and jungle. The boundaries of this strip are frequently in- 
dented by noses of metamorphics and submetamorphics, and there are also several inlieia 
of the same rocks. 

The bottom rocks of the T4lch(rrin the sections exposed in the M&h&n are the boulder 
bed with very irregular bedding and a hard grit sandstone. Overlying these is a considerable 
bed of yellowish-green sandstone, which, near B&rbasptir, has been thrown by a croes-fknlt 
against the edges of the Barakars. In the M4h4n itself shale beds are of comparatively nue 
occurrence, but they are exposed in some of the sections in the streams which join it on the 
south. 

One point in reference to the boulder bed, which plasters over quartzites and slates in the 

river south of tbe B4nch( and Part4bpur road-crossing, is deserving 
of especial notice, as it has an important bearing on the origin 
of that rock. The principal proportion of the boulders are derived not from the underlying^ 
rocks, but from the granitic gneisses which occur three miles to tbe north. One rock» 
a pink porphyritic granite, which is seen in situ north of T4rki, seems to have been a prolific 
source of these boulders.* 

A branch from the strip of T41chlr8 above described borders the Bar4kar8 southward 

as far as Earnji. This branch is traversed by the Gehtir river, 
c re one era . j^ ^jjigh there is a section of sandstones and boulder bed, which 

continues up to the mouth of the Doldo4 stream, where slates and quartzites strike into 
the river and continue in its bed for several miles. 

In the 64gur river west of Karnji there is a very intricate section in which Bat4kars, 
T41ch(rs, Slates, Talchirs, Slates, and Bar4kar8 are successively exposed. 

The jungle on the banks is very dense, and the map is, probably from that reason, 
deficient in detail, so that it is diflBcult to trace out the geological boundaries. The accom- 
panying map may, however, be taken as afibrding a fair approximation to the true state of 
things. The second appearance of the slates is due to the same cross-fault as that above 
mentioned at B4rb48pur. They occur as a very small inlier in the base-beds of the T41cMrBy 
whose ends are against the Bar4kar sandstones. 

As to the continuation of this fault further south, I could see no satisfactory evidence. 

Possibly it bounds tbe T41chlrs south-east of Uddkatr4, but with 
the streams, in which the T41chfr8 are exposed, inclining, accord- 
ing to the map, to the westwards, it is impossible so to represent it. 

Between K4mji and Ch4rgar there is a very small patch of T41ch(r8 exposed in the 
low ground. 

North-east of Sidm4 there appears to be a narrow strip of T41ch£rs cropping out from 
Mchirenorth-cMtofSidmi. ^^^^emeath the Bar4kar8, but the evidence of its existence la 

afforded rather by debris in the stream, than from rocks in niu. 



* In some of the boulder bedi which occur in the eonntrj weet of the Rehr, » oonBiderable proportion of the 
boulders consist of a reddish quartzite sandatone, probablj of Vindyan age, which, if that supposition be oorraet, 
must have been transported to their present position from the neighbourhood of the Bone. This could only hare 
been effected through the agency of ice. 
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Near the Yillage of Bhopoli there is seen the commencement of another hordering strip, 
TfleMr* between Bhopoll which is traceable in the bed and neighbourhood of the Biinki 
aad BiwimpAr. river ; thence to Bisr&mpnr it is covered and obscnred by alluvium ; 

bat snfBcient is seen to enable two branches of T&lchfrs to be traced with approximate 
accaracj, one extending southwards to the M4in pftt, where it is covered by the upper sand- 
stones which underlie the trap, and the other westwards to the Filk4 hills, under the sand- 
stones forming which it also disappears. 

The first of these branches is between seventeen and eighteen miles long, with an 
^^ average of about three mile» in width. On the east the boundary 

is throughout natural, but the western boundary is in part faulted, 
with an inconsiderable throw, against the metamorphics. 

The best section of the rocks in this strip is exposed in the bed of the Goingh4ttiL, 
^^ between the villages of P4ri and Libr4, where sandstones, pebble 

and boulder beds, and needle shales, all of typical appearance and 
lithological character, are seen. 

In several of the reaches a peculiar effect is produced by the gneiss boulders, which 
have been washed out of the boulder bed, and are scattered about on the surfiice, as though 
they had been only just dropped from floating ice. One boulder, still tn Htu in the bed, 
gave the following dimensions T 4!* X& ^T X 2^=97 cubic feet, and I observed several others 
which could not be measured, which were still larger. Further south in the valley of the 
Bamii, where the strip is bounded by two ridges of gneiss hills, the boulder bed, shales and 
sandstones, all occur, but no clear, consecutive section is exposed. 

The T&lchfrs which stretch westwards from Bisr&mpdr to the Pilk4 hills, are faulted 
wmUfb b b. against the metamorphic rOcks along the southern boundary. 

The line of junction between them and the Bardkars on the north, 

is completely hidden by alluvium, but the probabilities are in favor of its also being faulted, 

as west of the hill its continuation certainly is so. 

The T41chirs disappearing under the grits and sandstones of the Pilk4 hill, re-appear 
on the western side much increased in their lateral dimensions ; this is due partly to the origi- 
nal divergence of the boundaries, and partly to the effects of a cross-fault* the position of 
which is marked by a ridge of fault-rock at the south-west comer of the hills, and by the 
effects produced by it in the R4mptir coal-measure area, of which more hereafter. 

Between the hills and the Rehr an irregularly shaped area of quartzites cuts the T4]chfrs 
Onartdt ^^ *^^ parts, running up to both boundaries and being faulted 

against the Bardkars. Besting on these quartzites, are three 
small patches of Tdlchfrs, remnants of the rocks which at one time spread all over them. 
An isolated outcrop of these quartzites is exposed in the Goingh4tt4 section, in which, as well 
as in the Behr and its tributaries, Tdlchirs are seen in many broken and detached sections. 

The further extension of the southern fault, westwards from the point where it crosses 
Ffthirbiin4. ^^^ Behr, is not at present known. The T41chirs continue to border 

the coal measures to within a mile and a half of Pah4rbull4* 
where the latter terminate. At Pah4rbull4 the extension of the T41chirs in a southerly direc- 
tion is limited by a considerable group of quartzite and slate hills, which will probably prove 
to be bounded on the south by the above-mentioned fault, whose western extension has not 
been yet traced out. 

As stated above, the Tdlohfrs extend far to the west of the Behr, xmderlying one or 

more distinct areas of coal measures. The present account is 
Tfiehin watt of Rehr. limited to that portion of them bordering the coal-field and east 

of the Behr. 
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The boandary between the Barakars and Talchfn ia pretty well seen in the Behr north 
Section In th« Behr ^^ ^ village of Pundih ; but in the surrounding country the 

rocke are completely obscured by alluvium, and I h&ve been 
compelled to draw the boundary straight fiom point to point It is probably somewhat less 
regular than is represented. 

Proceeding northwards from this junction down the bed of the Rehr, there are greenish 
and yellow sandstones with some shales and flaggy beds, which are chiefly exposed at the 
salient points in the bed of the river. 

East of S&rm4 there are some rather coarse sandstones, not altogether like Talchirs, bat 
h tP apparently geologically inseparable from other more typical rocks 

of that series. A short distance beyond, a nose of submetamor^ 
phio-looking quartzitee and homblendics strikes into the river. From the mouth of ^ 
Jumarpdra stream northwards for about three miles no Talchirs are seen in the Behr, the rocks 
exposed being for the first mile homblendics and slaty quartzites, with a west- north-west, 
east-south-east strike, changing to east and west. Nearly due west of £hop4 V. S., ooorse 
granites come in and continub up to and beyond Eliopa. 

The Talchir boundary leaving the Behr close to the mouth of t|ie Jumarp4r4 atream 
strikes north-eastwards, passing round the village of Nou&p4rd. 

In the streams north and south of E4rozgi the rooks are much covered ; but where 
exposed, except at one spot below the village, they are clearly Tdlchirs. At that point there 
are some coarse sandstones, which I could not, as in the previous case, satisfactorily aeparate. 

In the Gobri river and its various tributaries which traverse the country between 

Chung&ri and Datm& the boundaries between the T4lcbira and 
Bar&kars are very obscure. This is owing partly to the imper- 
fections of the sections, partiy to the presence of rocks of indefinite character, colored like 
Tdlchirs, but lithologically resembling Barakars. 

There is an inlier of Bardkars south .of Dhor6 whose boundaries can only be approxi- 
mately represented. A reference to the map will explain the position better than any 
description. 

North and north-weat from Nou4p4ra the Talchir and metamorphic boundary runs with 
the Gobri, where it is very irregular and intricate. The river exposes granitic gneiss and 
Tdlcbir rocks alternately. West-north-west of KurkaU, a belt of Tilchirs, half a mile wide, 
occupies the low ground below K4skel4, and is seen in contact with the edges of the gneiss 
under the east bank of the Behr. 

Leaving the Gobri the boundary bends round Agin4 and S4lk&. At the latter place 

there is a remarkably fine boulder bed. The large masses of 
gneiss which have been washed out of it, when seen from a short 
^ ^ distance, look like rock in situ. A mile north of Kotid the 

Talchirs are cut ofE by the fault which bounds the field. 

A few small outiying patches of Tdlchlrs occur in the metamorphic area which inter- 
venes between the north-west comer of the Bisrampur field and 
ying pa es. ^^ eastern extremity of the Jhilmilli coal-measure area. 

m.—Dku^Di Sbbibs. 

Bardkar Chrotvp* 

Before proceeding to the description of the rocks exposed in the river sections, it will 

be well to say a few words on the localities where the rocks appear 
in the high ground uncovered by alluvium. For the most part 

the rocke so exposed consist of coarse grits, and pebble beds which form . bossy mounds ^r 

small hills. 
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A few very striking InBtanoes occar, where the hidden boundary of the Barakars is 

Boandarj of Barikari sharply defined either by the character of the jungle growing 

marked bj Tegetetion. above, or by the undulating or sloping character of the surface, as 

compared with that of the ground, where the underlying rocks are Talchirs or metamorphics. 

At the north-east corner of the field close to Mukinpur there are some small mounds 

Grits It HnkAapdr Ac **^ * ooarse grit, which are separated from the gneiss by a run of 

fault-rock. In the country to south-west bending to south 
as far as Ch&nchi, there is high ground, some of the hills, as the Bal H. S., rising 
100 feet above the plain. The rocks are coarse sandstones and grits, with bands of pebbles, 
which are sometimes of oonsiderable size and little water-worn. 

In the neighbourhood of Koilari there are coarse grits near the surface, most of them 
excessively ferruginous. 

At B&rdh4 there are mounds of whitish grit sandstones. 

Close to Pdndih (or Punri) there are several small bills, the highest of which is 200 feet 

•ut _. v.i. ^ ..ui _i* above the plain. The principal rock forming them is an open- 
Ptori hUli of pebblj grit, 4 . , .f ..1 1.V1 I.- I. T xi: xj- j x _j 

textured gnt with pebbles, which I was at first disposed to regard 

as belonging to the upper group, as it presented the very strongest resemblance to the rocks 
of the Pilka hill. However, with the general resemblance which exists between the Barakars 
and rocks of the upper group, it is, in the absence of any well marked geological features, 
almost impossible to attempli the separation of such isolated patches. South of the hill there 

is a run of fault-rock, which marks the continuation of the bound- 
ing fault of the north-west comer of the field. So far as I could 
see, its throw must be inconsiderable. I am the more inclined to regard the Punri rocks as 
Bar&kars, in consequence of the range near Bhatgdon, which is at the same level, being 
formed of rocks exactly similar to the grits and pebble-beds on the east of the field, north 
of Chdnchi. Towards the south and south-west of the field, as at Sidm4, Bisr&mpur, Earwig 
and J&innagar the coal-measure rocks are completely concealed by alluvium. 

In describing the river sections, I shall begin with the M4h4n, and then take up the 
tributaries successively from east to west. 

Mdkdn River Seeium^^-The first Bardkars exposed in the M&h&n section* are seen near 
the village of B&rb&ipdr, where, as already stated on a previous page, they are faulted 
against Talchirs. South of the river Bardkars occur outside the fault ; possibly some of the 
sandstones seen in the river too, should be so grouped, but at the fault there is a, greenish 
sandstone which is certainly Tilchfr. 

On the west of the fault there is a small seam of carbonaceous 
shales with irregular coaly layers. 

From this down to the month of the Dekid stream the section exposes sandstones with 
some carbonaceous shales ; but even of the latter, at the point west of Bedrd where coed is 
marked on the published map, there is not a trace of shales, much less any sign of coal. Here 
as well as at several other points to be noticed in due course, the Topographical Survey 
must have marked coal from seeing drifted pieces lying at those points and not seams in situ. 

Opposite the mouth of the Deki& stream there is a seam, of which 4 feet, consisting of 

coal and carbonaceous shale, is exposed. The coal is of inferior 
^"'^ quality, but burnable. The base of the seam b qoite concealed by. 

Band and water ; possibly there may be a better quality of coal below. 



* IHsregarding for the preient the probable occarrenoe of Barftars in higher reaches of the river outside the 
limits of the IUsr4mp6r ooal-fleld. 
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Higher in the section there b a oonsiderable seam, which is exposed along tiie northern 

bank. The clearest view of it is to be obtained in the nat 
Seam. , 

reach. 

The actual base is concealed, and the top mnoh weathered and covered by surface diAm. 
Section ascending. Dip rariable (rolling). 
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18. Conoretionazy abale ... ... ... ..* ••• ^ ^ 

14. EUmilar to No. 8, perbaps a little better ... ... ... ff 8^ 

16. Coaly abale ... ... ... ... ... ***)•/ 

16. Concretionary abale ... ... ... ... ... > 

17. Coal, fair ... ... ... ••• ... ... 41 9f* 

18. Coneretionaiy abale ... ... ... ... ... 1' 6* 

jiv* L>oai a*. ... ... ... ... ... s 

ao. Indiatinct ooncretionary abalea alternating witb flaky eoaly layeni ... 18f 

Though this seam, as at present exposed, does not give promise of any considerable supply 
of first rate coal, it undoubtedly contains much of 3rd or 4th rate quality, which might be 
easily worked. 

Owing to the horizontality of a portion of this seam, and the various rolling dips of 
other portions, it is impossible to represent its strike and outcrop in one. The line on the 
map is intended to indicate that the coal is seen throughout the distance marked on the bank 
of the river, rather than to convey any definite idea of strike. 

From this to the mouth of the Fatpiiri& (Dharii) stream I did not find any coal-seams, 
the coal marked on the Topographical Survey map south of the site of the deserted village of 
P4nsid&nd having no existence. The principal rocks which are seen are horizontal sand- 
stones, some of the individual beds of which are traceable for several miles. 

Just beyond the P4tpuri4 stream there is a small seam of 
inferior but burnable coal ; the section is— 

Deacendins- 
Bnndatone, about ... ... ... ... ... ... SC 

Coal ... ... ... ... ... ... 1 7 

Bloiab aandy abalea ... ... ... ... •*• ... 8^ 

After this for about five miles the only rocks seen were sandstones and grits. There is 
no coal in situ at the mouths of either the Ghogor or B&nk, as has been indicated on the 
Topographical Survey map. 

At the Kote& and Bhoj4 road-crossing there< is a seam containing about 2f IV of 

poor coaly shale. It is seen again in the adjoining stream on the 
east. Where seen* in the M&h4n it has been let in between sand- 
stones by two small faults. The tops of two other seams are exposed in the two next 

_ reaches, at the localities indicated on the map. What the thickness 

■two aeaniB. 

and quality of the coal may be which they contain can only be 
determined by excavation. 

There is no coal at either of the localities marked near the mouth of the G41phula. 
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In the long soath- to- north reach which follows, the lower portion of a seam is exposed, 

paving the bed of the river for about two miles. A clear section 
of the top of this seam is exposed near Bhagara. 

Seam — Descending, 
Sftndstono, about ... ... ... ... ... ... 12' 

!• JJlllA SlUUO ... ... ... ... ... ..• r 

S. Coal, portions >halj, but for the most part (kir ... ... ... V 

3 Bliio snalo •*• ... •*• ••• ... ••• 4f 

4. Coal, &ir, upper 3" atony ... ... ... ... ... 1' 1" 

^k DIuUO ••• ••• •■• ••• ••* •■• ••■ A V 

0. Coal like No 4 ... ... ... ... ... ... 3^ 

7. onaie ■.. ... ... ••• "• ... .. o 

8. Coal like No. 4 ... ... ... ... .•• ... 3" 

0. Blue ihale, about ... ... ... ... ... ... 1' W 

10. Carbonaceous shale ... ... ... ... ... 3" 

11. Coal like No. 4 ... ... .- ... ... ... ? 

IS. Shale,— coTered. 

Some experiments with No. 4 showed that it does not coke, but retains its shalj shape. 
On roasting, it evolved gas freely in quantity, see p. 39. 

The east-to-west reach beyond this has a deep channel, which retains a considerable 
body of water. This and a dense grass and tree jungle which clothes the sides render it 
almost impossible to keep the river in sight. 

At the bend to the next reach there is a seam which is possibly only another outcrop of 
^^ the one just described at Bhag4ra. However, it contains less coal, 

and the constituent layers of coal and shale do not correspond. 

Section — Descending, 

Felspathic grit sandstone. 
Interval. 

1. Blue sbale ... ... ... •.• ... ... ' 

8. (^oaiy (, ... ... ... ■•• «.• ...1 o^ 

o. oiue ft. ... ... *** *.. **' ...Av 

%m vOaiy If ... ... ••• ... •". ^ 

o* Oooif fair ... ... ... ... ... ••> « • 

Q» Blue snaie •.. ... ... ... ... ... v 

7. Coaly shale ... ... ... ... ... ... 1' V* 

8. Coarse in«y and blue shales ... ... ... ... ... V 41' 

9. Co^ carbonaceous shale ... ... ... ... ... 1' 

10. Shale. 

Base covered. 

From this northwards to its junction with the Banki (Pertabpiir) river, the M&h4n 

exposes sandstones at intervals ; east of Durti a fine trap dyke 

causes a fall in the river. The strike of this dyke in the bed of 

the river is 15^ north of east to 16° south of west. A possible continuation of it is seen 

in the Joho&, six miles to the west ; but in the intervening country and also to the east of the 

river I could see no trace of it. 

Beyond the junction with the B4nki, under the eastern bank, there is a small seam 

which contains some hard coaly shale, but apparentiy no coal. 
After this for nearly a mile there are Bardkar sandstones ; and then 
no rocks are seen for nearly a mile, the deep channel of the river being filled with water. 
The first rocks exposed are some Talchir boulder beds, which crop out from underneath the 
western bank. The faulted junction is therefore hidden here, but is very plain in sections 
both on the east and west. North of this the M&h&n does not again traverse Bardkar rocks. 

Taking up the tributaries of the Mah4n, in regular succession from east to west, the 
first to be noticed is the Dekia. 
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Dehid River SeeUon, — Soath*we8t of Mark&t4iid a nearly horaontal Beam of frooa VCT 

to S' of coaly shale and coal crops out at Beveral places. Above it 
are ferraginous pebble beds and concretionary iron bands, the 

former resembling rocks occurring in the upper group, e. g,, in the hills near Kussumbi on 

the Banchi road. 

Qagwr Jtiver Section, — Although Bar&kars occur east of the cross-fault above described, 
the river section of these rocks commences at it. They consist of massive sandstones, which 
are horizontal or only slightly rolling, and are deeply cut by the river. North-west of 

Uduk4tr4, a seam of coal is partially exposed on the southern bank 

underlying these sandstones. Apparently the same seam is again 

seen at the loop bend east-north-east of £urk&-Dhuri4; it there undexlieB some mach 

^ honey-combed sandstone. The thickness of coal is about 2' 4*. 

At the next reach there is another hadly seen seam. Throughout 
the remainder of the section up to the M&h4n the rocks are all coarse sandstones. 

The small streams flowing into the G&gur on the south were not examined in detail* 
but where crossed, they showed no signs of containing coal. They for the most part are 
at a higher level than the G^ur channel, and have not yet cut down to the coal exposed in it. 
The watershed where they take their rise is the spur of quartzite which penetrates the 
Bar&kar area, and which has been already referred to. 

Patpdrid Biver Section. — The Patpuri4 stream rises in the high ground of the 
quartzite spur below Dhuri4, where it passes on to the Bar&kars. The rocks exposed are of 
very peculiar appearance ; they consist of pebble-beds and coarse conglomerates, which Latter 
contain masses of blue quartz, jasper, and jasper breccia, derived fix>m the sub-metamorphics 
in the vicinity. Not far off a large fragment of coal was seen, but no seam from whence it 

could have been derived was discovered. Half a mile from the 
mouth of this river there is a seam of coal which measures 2^ II ; 
it underlies massive sandstones, and is not improbably a thickened continuation of the 
seam described in the M4h&n section on page 32. 

The stream east of Kharg4on4, which joins the Patpiiri4 near its mouth, passes under- 
ground for some distance east-north-east of the villaire. At the 
base of the tunnel a seam of about V 6" of poor coal, possibly the 
same as the one in the M4h4n and Patpdri4, is exposed. My attention was drawn to this 
peculiar tunnel by a flock of blue pigeons suddenly rising out of a hole near the road. This 
hole proved to be an entrance to the cavern, the existence of which I might otherwise not 
have suspected. 

Turrd River Section, — The Turr4 river, as well as its tributary, takes its rise in the ridge 
of metamorphic rocks outside the northern boundaiy of the field, and joins the M4han 
rather more than one mile west-south-west of Kert4. 

A short distance from the mouth there is a seam under a thick bed of sandstones which 

contains about II'^ of inferior coal. About half a mile further up 
the stream, there is a flat seam containing coaly and carbonaceous 
shales, the thickness of which is uncertain. The map not being plotted, I am unable to 
say to what exact spot the next locaKty for coal marked on the topographical map may 
refer. Somewhere in that nHghbourhood there are traces of carbonaceous shale, but no coal. 
Like so many others in Sirguj4, this river proved very difficult to follow up : throughout long 
reaches the accumulation of the water in the deeply cut sandstone channel rendered it impos- 
sible to wade, and the thickness of the jungle on the ravine-intersected banks made it almost 
equally impossible to keep along the bank in sight of the rocks. 
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The next coal seam exposed is sitaated slightly south of west of Choiir&. It is flat, 

and paves the bed of the river ; portions are ooaly, but the thick- 
ness is not disclosed. 

In the western branch of the Tnrrd called the Gohogor, I saw no traces of coal at the 
junction. But the river has not been examined. 

JSdnk River Section, — ^The B&nk river rises in the metamorphic hills to the east 
of Bisrampdr, and joins the M&hdD north of Bhoj4. It first enters the sedimentary rooks 
(T&lchirs) near the village of T&ki4. Thence it proceeds northwards along the eastern 
boundary of the field, bending at one locality into the Barakars, and at another into the 
metamorphics, and for the remainder of its course up to Ghangri, traversing T&lchirs. 

In the Bhiti river, which joins it close by, there is a seam of carbonaceoos shale which is 

seen at the road-crossing below Bakn4. In a stream which joins 

the Bhiti south-east of Bakn&, there is another seam containing 

about r 6^ inches of coaly shale ; this is covered by coarse sandstones, the exact position 

of the boundary between which and the slates is hidden. Returning to the B&nk, the Tal- 

chirs, which occur in the bed of the river north of Ghangri, are gradually covered by pebbly 

Bar&kar grits. About a mile from the junction, thero is a seam 
Seam. containing about 6" of good coal ; after this, half a mile further, 

there is a rolling seam which contains ^ 10" of shaly coal ; it 
is several times repeated higher up. West-south-west of Abkor4, there is a seam which 

is exposed by the deep-cut channel included between massive 
beds of grit. It has a slight inclination to north and a variable 
thickness, the average being about 2* ; it is, like many other of the seams in Sirgdj&, in all 
probability only a lenticular mass with limited lateral extension. 

For about two miles beyond this only sandstones and grits are exposed. But east of 
^^ Ch&t&sarai there is a seam of shaly coal of which 2' V \a exposed, 

the base being hidden. The streams which join the B&nk in this 

ndghbourhood from the east did not, at their mouths and for some distance in, give any 

promise of coal. At the point where the Partdbpur and Bisr&mpdr road crosses the B&nk 

there is a seam, with a slight dip to the south-east, which contains 
about 8^ of poor flaky coal and carbonaceous shale exposed, the 

base being hidden. In a stream which joins the B4nk north of B&im&, there i& a seam 

containing somewhat similar shales. Nearly north-west of the 
deserted village of Chora, there is another seam with the same 

constituents ; of this 2^ 6^ only is exposed. 

For about two and a half miles more the river runs along through a gorge cut in q. p. 
^^ horizontal beds of massive sandstones and pebbly grits. Nearly 

due east of Bhoja there is a seam of coal dipping 5*^ to north, in 
which there is about 1' 8'' of coal exposed. 

The remaining two miles or so of the B4nk, up to its junction with the Mah&n, I was 
prevented from examining by an attack of fever. 

Koied River Section, — In the stream which joins the M&h&n south of Eotei, the rocks 
are much covered, especially near GoudL East of Eote4, there are sandstones ; and dose 
to the mouth there is a section of the seam which is seen in the Mah4n, vide p. 32. 

Oalphuld River Section, — ^In the loop-bend of the Galphtil& near Bil4ro thero is a 
g^^ seam containing some coal, about 8" of which is seen. In an 

adjoining stream the whole seam, measuring about T, is exposed, 
in which there are seen to be coaly layers mixed up with carbonaceous shales. I do not 
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think there is any promise of good ooal heing found in workable qnantity. This seam has 

a more decided dip to the north-east than is common, the rocks being for the moat part 

g^^^ horizontal. Coal was met with south of the deserted village of 

Jhapr&. The seam consists of carbonaceous shales, with thin 
layers of coal, one near the base measuring d" ; the dip is 10^ to south-east 

The same seam is better seen in the B6her&dol branch of the river ; it is here seen to 
P^^. be of considerable size, and contains about 6^ feet of &ir ooal. 

Some of the accompanying shales contain Olotsopteris and other 
plant fossils. 

There are several other seams containing carbonaceous shale, with portions coaly. One is 
^^ situated west of Jhapr4 and another west of Bhoj& ; the chajracter 

of the latter hardly justifies the insertion of coal on the Topo- 
graphical Survey maps. 

Jhampi River Section, — ^In the Jhampi from Doin to its junction with the Mib&n I 

only met with one seam of carbonaceous shale assodated with 
the Bar&kar sandstones. Some fragments of coal, however, indi- 
cated the presence of a seam in the area drained by the numerous small tributaries. 

Chengodri River Section. — From the character of this river and its banks it was 

absolutely impossible to follow it up closely. The only seam I 
met with, was one containing 1' V of coal which is situated at the 
junction with the Jh4mpL 

Mdsdn river Section.^AB indicated on the Topographical Survey map there is coal in the 

M^s&n north-north-east of Jarhi ; the total thickness of the seam is 

about r, of which 2^ is coal. It dips to north-east. From its more 

shaly and generally inferior character, I am inclined to think it is distinct from the seam about 

to be mentioned. This seam runs with the stream for a considerable distance, being last exposed 

^^ about half a mile from the junction with the M&h4n ; it contains 

from 6 to 6 feet of coal, the upper portion of which is very fair. 
It has an unsteady dip to south-south-west, which never exceeds, and rarely attains 10**. 
This is the most promising seam in this part of the field. 

Bdnki fPartdbpur) Biver Section, — ^The boundaiy of the coal-field crosses the B&nki 

about two miles north-north-west of Bardh4. The section clearly shows it to be faulted ; 

the edges of the sandstones are presented against the faces of some much tilted and 

disturbed slates and quartzites, the penetration of which by granite-veins and their 

^^ relations to the granitic gneissose rocks I shall allude to further 

on. At the junction on the western bank of the river a thin 
band of 7" of coal underlies the topmost sandstone, and is itself underlaid by a greenish 
yellow sandstone, which I at first thought might be Tdlchir, but subsequently concluded 
to beBar&kar. 

From this to the junction with the M&h4n there are more or less horizontal sandstones. 

In the Daldali stream, nearly due north of Burdh4, there is a seam of coaly and 

carbonaceous shale, which with its accompanying sandstones is 
(locally) upheaved to an angle of 45 ; from this to the point 
where the stream passes into the T41chirs sandstones only are seen. 

Ndhti River Section, — The N4kti for a portion of its course runs with the faulted 

boundary of the Bar4kar8, crossing and recrossing it frequentiy. 
The only rocks of this group which it exposes are sandstones. 
In the Marata branch of the stream there is a small seam of coaly shale of no importance. 
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The Bardkar faulted boundary leaving the N4kti north of Narkoli is traceable south of 
Pakni to K4roti, where it is cut o£E. In several places along it the sandstones are highly 
indurated. 

Behr Biver Section, — The Behr river with its tributaries drains the south-western 
portion of the coal-field. 

The bounding fault of the south-west comer of the Bardkars of the Bisr4mpdr area 
crosses the Behr one mile north-east of Beltikri ; the actual junction line is here covered, but 
Bar4kan and T&lchfrs are exposed at no great distance on either side. 

In the reach which strikes eastwards from Pachir4 there is a trap dyke, which for a 

mile forms the northern bank of the river ; at the other end it is 
flung by a small cross fault which brings it down to the southern 

bank. Besides this principal dyke there is a second, irregularly parallel to it, which traverses 

the sandstones for a short distance. 

In the next reach there is a coal-seam containing about 18 inches of fair coal. Dip S° 
^^ to north-east Further on there is seam which is, I think, distinct 

from the last. It is inaccessible, being under a thick bed of sand- 
stone which overhangs a deep pool. It is probably from 15''-18^ thick. Bather less 

than a mile beyond the junction with the Pasang there is a 
seam exposed in the bed of the Behr, of which the measurable 
thickness is about 3 feet. It has a slight dip, which varies in direction between east and 
north-east. Most of the coal is fair, and a portion excellent. In the bed of the river beyond 
tlds, blocks of coal of considerable size — from what seam derived is uncertain— are abundant 
and of good quality. They may have been washed out of the seam just mentioned, or carried 
in from some of the seams in the Pasang. Beyond this seam, up to the boundary, the only 
rocks seen are coarse Barakar sandstones. 

Pasang River Section. — ^East of the Silphili Gh4t, the section in the Pasang for about 
four miles exposes horizontal sandstones only. The same beds persisting throughout. 

West of the gh&t the same sandstones continue for about four miles. In some places 
^^ the river has cut for itself a deep channel. South of the 

deserted village of Kasalgiri there is a seam which at first, from 
the manner of weathering, appears to consist entirely of good coal. On close examination, 
however, more than half proves to be quite useless, and the remainder inferior earthy coal. 

Section— 

■ 1. CftrbonaoeooB shales ... ... ... 6" 

2. Shales with plant fossils ... ... ... 9" 

8. Carbonaoeoas shale, passing Into ... ... V Sf* 

4. Earthy ooal ... ... ... ... V 

4'y' 
At the mouth of the Chapar river there is a seam, which, so far as it is exposed, 

consists of slaty carbonaceous shale, with portions coaly. Before 
Four seams. the mouth of the next northern tributary there is an inconsider- 

able seam of coaly shale, which has been locally tilted. Imme- 
diately after it the top of another seam is seen nn<ler water. Before reaching the mouth 
of the Anothk tributary, the top of another seam, containing about 1' 6^' of coal, is seen 
at the water's edge, and underlying the massive sandstone through which the channel is 
cut. This, or a distinct seam, is exposed in the reaches beyond the Arsotha stream; it 
contains ^ of coal and coaly shale, possibly more. 

From this up to the mouth of the Karch4 the rocks are covered. But a short distance 

beyond it a seam is imperfectly seen under the southern bank. 
Possibly a continuation of the same is exposed at the mouth of 



38 Itecards of the Geological Survey of India. [vol. vi. 

a streun which joins the Pasang near the J4ittniiggnr and Kdmdi road. It there eontains 
1' 6* of good ooal (vide p. 39^. The top is mach weathered, and covered with eoil, bat 

the base is well seen. Another seam is badly erpoeed west of 
the road, after which np to the junction wit^ the Behr the only 
rocks seen are horizontal sandstones. In the Ehod and Gambadii rivers west of Pilk4 the 
Bar&kar sections contain grits and sandstones only ; the latter are sometimes of a somewhat 
pinkish color, as also are some of those in the Pasang associated with the ooal. 

Gfihri River Section^ Ac. — ^The character of the sections in the Gobri, with its tribu- 
taries the D&mnnd&, Patpdrii, and Sjid4ri4, can be best gathered from the map. In eo &r 
as the Bar&kars are ooncemed, there are no points of sufficient interest to be made the 
subject of special detail. No traces of ooal were met with in any of them. 

lY.— Ufpbb Sakdstokxs (Lowbb MahAdbtXs P) 

Within the limits of the Bisdunpdr coal-measure area, the only locality in which 

sandstones referable to any of the groups higher than the 
Baiikars occur, is in the Pilk& hills, a remarkable looking dnater 
which stands out isolated in the centre of the Sirgdji plains. 

These hills are formed of hard quartzose sandstones, grits and pebble oonglomerates, the 

beds of which are horizontal ; and the elevation of the top of the 
highest hill above its base, or about 1,000, may therefore be taken 
as giving the total thickness. 

The evidence here afforded of great unconformity between the rocks of this and the 

older formations is singularly conclusive. The basal bed of ^t 

°^^ laps from Badlkars across Tdlchfrs on to metamoiphics, the 

relations between which had been first established by faults. A doubtful case — ^not yet folly 

examined— of similar faulting having taken place in the Bar&kars previous to the deposition 

of the upper sandstones, occurs in the hills to the north-east. 

In the E£ranpdr& field too, a fault has been mapped as running under the Upper 
P&nchets. 

In describing these rocks, I follow what appears to be now the accepted belief viz., that 
the Upper P&nchets of the Damtid4 fields' are of Lower M&h6dev& age, and the general 
lithological resemblance between the Pilk& grits, &c., and the Upper P&nchets, is so strong 
that I think their identity may be safely asserted. 

The only difference that I could detect between the pebbly beds of Pilk& and those of 
Panchet and Lugd* was that the former are somewhat less ferruginous, in which leepect 
they resemble the B&jmah41 grits, which appear to be also referable to M&h&dev4 age. 

On the level top of the hill there is a little soil, but no trace of either laterite or trap. 

Judging from the similar hills and the plateaus, both to the north 
and south, trap in all probability at one time did also exist here. 

Tbap Dtebs. 

In addition to the general horizontality of the beds, and the small throws of the few 
faults in the Bisr&mpdr ooal measure area, the scarcity of trap dykes affords evidence that 
the rocks have been subjected to a very small amount of disturbance, as compared to that 
which has affected the more eastern fields. 

One trap dyke is exposed in the M4h4n section, two miles east of Durti. A possible 

continuation of it is seen in the T41chirs and metamorphics, in the 
° ' Jojhod stream, seven miles to the west, but no other trace of 

its continuance beyond the bed of the M4h&n was discovered. 



• Hillfl situated respectively in the Biniglnj and Boktfro fields. 



PART 2.] 



Ball: Bisrdmpur Coal-field. 



39 



The only other trap dyke is seen in the Behr section, where it runs for about a mile 

along the northern bank of the river, below Pachira. At the 
east end of the reach it has been flung to south by a small fault. 

Both the aboTe are coarsely crystalline diorites. 



IKehrdyke. 



BaUdlog itonc 



Xftny Mum worthleas. 



V. — ^EcoNovic Bbsouxcbs. 

With the exception of building stones which are of the usual character found in the 

Bar&kar and T&lchir rocks, the economic resooices of the Bisram- 
pdr ooal-field are limited to coal. 

From the imperfection of the sections, and the difficulty of identifying the partially 
ezpoeed coal seams at different localities, any attempt at a tabular statement of the number 
of seams would only tend to exaggerate the importance of a large proportion of them, which, 

while they will in all probability prove to be worthless, cannot 
at present, from the limited data which we possess regarding 
them, be individually asserted to be so. * 

It may be regarded as an established fact that good coal does exist in fair abundance, 
oood enAi ^^^ itom the horizontality of the seams, in a suitable condition , 

for working. But borings can alone furnish fiausts sufficiently 
^ reliable for estimating the extent and thickness of individual 

seams, and generally the total amount of coal existing in the field. Such borings at a few 
well selected sites, would, in consequence of the undisturbed character of the beds, and 
the comparatively small thickness of the whole formation, give conclusive and exhaustive 
information as to the amount of coal obtainable. 

To prove the individual seams which, as at present exposed, are the most promising, I 

would recommend borings being made on the west bank of the 

^^^* M&h&n, a mile and a half north of Ghendia ; on both banks of 

the M&hin at Bhag&r&, and on the southern bank of the Pasang, north of Jaldeg& ; and from 

these points in whatever directions the original results would render it probable that the seams 

extended. 

For proving the total amount of coal throughout the area occupied by the coal measures, 
borings should be made all across it. It is at present hardly necessary, however, to go fur* 
ther into the question, as the probability of this hill-surrounded area being ever the seat of 
mining enterprise is so slight that the existence of coal there in whatever quantity can 
hardly be said to have any immediate importance from an economic point of view. 

The coal-fields below the plateau in the Mand valley, ninety miles to the south, are the 
only localitifls in Western Chot& Ndgpiir which are ever likely to be made use of by any 
railway connecting Calcutta and the Central Provinces. 

The following is the result of the assays of coals from five localities : — 



Coal Sbaics. 



1. 
8. 
S. 
4. 
B. 



Sehr river netr Puirl 

Panng river, Jiinaggnr and Komdi road 

MtfbiD M BhagdM ... ... 

M M north of Chendii 

^IS^Bll ft ••# ••• ••■ 



... (water 6*5) 



... (water 4) 



Cabbov. 


VOLATILB. 


67-7 


1 

38'2 


66-2 


37 


fio-a 


33 


46'S 


38-4 


46*6 


31-6 



Abk. 



41 

68 

10-8 

lV-1 

22-9 
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VI. — ^Metamorphic Rocks. 

The metamorphic rocks surrounding the Bisr4mpdr coaUiield are separable into two 

g^roups, chiefly bj their respective lithological characters. Bui 
Two gronpi. ^^.^ occurrence here, as well as in other parts of Chota Nagpur, 

is accompanied by certain geological features, which render it prohable that they really belong 
to two different periods. 

The types of the former group are coarse granitic gneisses with yariable amounts of 

visible foliation. Of the latter the types are slates, quaitzites. 
Types. ^^^ homblendics. Instances occur however where individoal beds, 

lithologically undistinguishable from the latter, are geologically inseparable from beds be- 
longing undoubtedly to the former. 

VII.— Gbinitic Gnbiss Sbbiss. 

The east and west range of hills south of Partabpdr, which bounds the ooal-messure 
rocks on the north, consists of coarse granitic gneisses and schists which are exposed in 
section in the M4h4n, Banki, and Rehr rivers ; in the B4nki section, however, there are also 
some quartzites, to which allusion will be made again further on. 

On the east face of the field, granitic and porphyritic gneisses are again met with near 

Ard, where they occupy a zone about three miles wide. South of 
Tra^Uke honiblendlcB. ^^^ ^ peculiar group of trap-like homblendic rocks form the 

hiffh eround near P&r»a. At first I was strongly inclined to believe these to be trappean, 
and only relinquished this opinion on finding traces of foliation in some of the sections 
exposed in the streams on the top of the hill. These rocks continue to the B&nk south of 
Sonpur. 

The spurs from the high ground east of Bisrampiir are formed of granitic gneisses with 
g Q^ occasional schistose, hornblendic, and quartzose bands. 

South-west of Bisr&mpiir and south of the Pilk& hills, there is an area oocupied by 
metamorphics, which ^consist chiefly of granitic gneisses. These extend southwards to the 
M&in pat through Luk&nptir. 

On the west of the field the section of the metamorphic rocks in the Behr commence 

with quartzites of rather uncertain affinities ; these are followed 
Section in Rehr. ^^ granitic rocks, which continue — occasionally including schistose 

or slaty beds — up to Jhilmilli. 

VIII. — QUABTZITE AND SlATE SeBIEB. 

North of the faulted boundary where it crosses the B&nki, there is a thickness of 

several hundred feet of quartzites and slates, which present a 

SeoUon in BAnki. somewhat very unusual appearance. Granite veins or dykes 

which are ordinarily confined to the gneissose rocks, in this case pass across into the 

quartzites, and appear to have been the cause of the disrupted and tilted condition of 

the beds. In some cases fragments seem to have been torn off from the main mass and 

are enveloped in the granite. Accompanying this disturbance 
RockB hardened. ^^^ ^^^^ ^^ ^^^^i hardened, and the faces are histrous with 

crystals of actinolite. 

On the eastern side of the field, rather more than half the lengtii of the boundary 
runs between Tdlchirs, quartzites, slates and schists. The extreme irreguhwity of the surflwe 
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ef the latter at ilie period of the deposition of the T&lchin is well shown by the broken 

chazBoter of the boundaries. In the Gehor and M&h&n sections 

'^'^ many of the slates abound in iron pyrites, which is generally 

decomposed near the surface and covers the rocks with a copious efflorescence of sulphur. 

I saw no traces of copper, but from the similarity of the rocks to the copper-bearing beds of 

Singhbhfim, it is by no means improbable that it may exist. 

The G^gar river south of E^&m ji traverses a deep gorge, and gives an admirable section 
of the nearly vertical rocks through which it passes. They consist of slates, indurated 
shales, quartrites and homblendics, the last mentioned sometimes exhibiting a cannon 
ImII atructure. 

One slightiy calcareous slate contained a few striated moulds, or impressions of appazentiy 

organic objects, but what they could have been hfks not been 
OrgnkimporMiionBP j,^ . ^ 

uetermineOi 

A steady strike to nearly west-north-west east-south-east prevails in these rocks. Where 
not vertical, the dip is to south-south-west at a high angle. 

Near the village of Kuthw&n, interbedded with quartsdtes, Ac., there is a conglomerate 

formed of rounded fragments of quartzite, jasper, &c, bound to- 
^"^ ' gether by a very hard quartzose paste. 

A spur of quartzites, &o., penetrates for six miles west of the main boundary at Chanchi 
into the basin. It is not now covered by the sedimentary rocks ; indeed south of Dari4 
it forms some small hills which rise above the general leveL 

In the stream south of Daria, Y. S., the conglomerate just mentioned is again seen ; 
it is on exaetiy the same strike as the portion of it which b near Kuthwan, or nine 
miles o£f. 

At Ara, as already mentioned, the granites come in, cutting off the slates. On or 

about the line of junction, there is a run of limestone, which 
oontams crystals of tremolite. 

West of the Pilk& hUl there are quartzites, which must, I think, be referred to this 
group ; and the hills south of Fah&rbull4 consist of rocks of the same character. 

One notable difference I observe between the rocks of this gproup as seen in M&n- 

bhdm and Singhbhtim and in Sirgtij&, and that is, that the 

leSSSf** ^ msgnedin varieties of magnesian schist which are common in the former 

and furnish a considerable proportion of the total thickness, are 

nearly altogether absent in the latter. 
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MiKBBlLOOICAL KOTSd OV THB GnBI88 OF SOTTTR MlSZXpi^ AHD AI>70IinirO COUITTST, 

by F. B. Mallbt, f. o. 8., Oeological Survey of India, (No. II.) 

Having last season found the limestone of the B(ch£ nadi* to be a normal ddomite, I 

collected specimens from varions localities this year, in order to 
ascertain bow far this character is general in the limestones of 
the gneissose series. On analysis I obtuned the following results :— 
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A is a very coarsely crystalline white limestone, from south of Bilw&da on the road from 
Singrauli to Mirz&pur ; B a dark grey fine-grained crystalline rock, from east of Kaniiu« 
(sheet 18, Biwa Survey) ; C is a white and greenish- white, rather fine-grained ciystillioe 
rook, which occurs in subordinate beds through the dolomite £. It weathers with a smoother 
surface, and is touf^her on account of its more compact texture. D is a rather finely crys- 
talline, or saccharine, white dolomite, from the banks of the Behr, south-west of Ekpai ; its 
composition corresponds nearly to the formula 2CaO, 00, + MgO, CO,. E is a white 
rather coarsely crystalline rock from north of Far&rwa, having the Composition 3CaOi COt 
-f 2MgO, CO, ; while F is the white crystalline normal dolomite (CaO, CO, + MgO, CX),) 
of the Bichi nadi already referred to. 

It will thus be seen that the limestones vary from pure carbonate of lime to pure dolo- 
mite. In some cases, of which C and £ are examples, the two rocks are interstiatifiea. 
The above dolomitic limestones are all associated with more or less serpentine ; and I thinK 
it may be assumed that where the latter mineral is present in any quantity, the Hmestone 
is magnesian. In the only case I have hitherto ohserved in which serpentine is actnv'J 
interbanded with the limestone the latter is true dolomite. 

In the two patches of gneiss east of Koelkat (sheet 18) occurring as inliers in ^® 

T&lchfrs, limestone is very abundantly met with, the same beds 
being probably repeated by folding, with a general strike of about 
west 30° north. It is a white crystalline rock, varying from a saccharine variety to one 
with cleavage facets of i inch across. The band to east of B&ondf contains a veiy large 
amount of wollastonite. In fact the rock is entirely composed of this mineral in plac^' 
constituting there a ' wollastonite schist,' which from its greater resistance to atmosphen^ 



• YoL V, P. 19. t With traces of manganese. X Chieflj minnte acales of ml^ 
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influenoes Qften stands up above the general surface in a low jagged ridge. The mineral 
has a greyish-white color and bright pearly lustre, and the approximate parallelism of the 
principal cleavage faces gives the rock a somewhat fissile stracture. Tremolite is very 
abundant in the limestone of the Bichi nadf ;* bat the above is the first instance I have met 
with of the occurrence of wollastonite. 

Hy work brought me again this year to the corundum quarries between Pipra and 

K&dop&niy which I examined closely. The thickness of the bed 
cannot be determined with any degree of accuracy firom the 
amount of dibrU lying about ; but as a rough guess I thought I was more below than above 
tbe mark in estimating it at 30 yards at the quarries where it appears to be thickest, and it 
may be considerably more. The ground is too obscure for one to say with certainty that 
the above includes no subordinate layers of other rocks, but I observed no indication of such, 
and for anything I saw for the contrary, the bed may be a solid mass of corundum. It runs 
ahout east-north-east, west-south-west^ the bedding being vertical or at a high angle. The 
section previously givenf is only true for the spot where it was made, for some of the 
associated beds die out rapidly. At the west end of the long low hiUock which marks the 
position of the mineral, porphyritic gneiss and white quartz-schist are seen within 10 yards 
of each other with corundum in the space between. From this to the Behr, some 300 yards, 
is obscured by clay, and no trace of the corundum is to be found in the river. East of the 
quarries again, the bed can only be followed for a short distance, the entire length visible 
from west to east being, as laid down on the map, about half a mile. 

The corundum, where weathered, much resembles fine-grained hornblende-rock in a similar 
state, and might be easily overlooked. Its intense hardness is well shown by the way in 
which hammers which may have stood years of ordinary geological work are in a few 
minutes split and pounded out of shape on it. It seems strange that it should not form a 
more prominent physical feature. Pluvial mechanical erosion would apparently act very 
slowly indeed on it, in comparison with the softer rocks on either side, and the absence of 
secondaiy minerals in considerable quantity does not point to important chemical alteration. 
Probably its weak point is the irregular jointing by which it is intersected. 

The quarrymen are, I was told, paid at the rate of one rupee per 31 i kacha m4nds 
raised, but the mineral is only worked now and then when a quantity is ordered by the 
mahajans who detil in it. Before commencing operations a kid is sacrificed to Devi, to insure 
good fortune, and protection from accident ; fires are lighted against the large masses into 
which the corundum is divided by jointing, and when they have been rendered somewhat 
more brittle by this means, they are gradually smashed by heaving other pieces at them. 
Considering the thickness and length of the bed, it is clear that the supply may be consi- 
dered inexhaustible. 

I have described the minerals which are associated with the corundum in my previous 
note. The only additional species I have observed this year is kyanite, which occurs in a 
radiating aggregate of a reddish color. It is a mineral, which as a simple silicate of alumina » 
is a natural associate for corundum, and has been similarly met with elsewhere. There are 
also small bladed crystals with a bright pearly lustre, much like diaspore, but their small size 
and the impossibility of detaching them makes their examination difficult. They may be 
kyanite. 

Beds of magnetite iaterlaminated with granular silicious layers are met with not un- 

frequently, more noticeably in the crystalline inliers near Koelkat, 

Magnetite. ^^ ^^^ Gair4r and south of K4dopani. None of these, however, 

are as rich in iron as the magnetic band at Korch^ in Mirz4pdr.^ Magnetic sand very 

• Vol V, P. 20. t Vol V, P. ao. X Vol V, p. 22. 
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frequently acooxnpanies other arenaceous materials in the beds of wateroonrses, n some cases 
probably in sufficient abundance to repay collection by tbe native iron-smelters. Tbe difler- 
ence in specific gravity causes a natural separation of the ferruginous and silicioiis grains, 
so that the former could be collected with only a moderate percentage of foreign matter, 
which could be almost wholly eliminated by washing. As far as I am aware however, no 
attempt is made to utilize this rich detrital ore, while a few miles to the nortii, the vastly 
inferior ferruginous beds of the Bar&kar sandstones are laid under contribution. 



EERATA m PREVIOUS NOTE, (Vol. V, paob 18). 



Page 18, line 8, from bottom,ybr Haematite read Tremolite. 
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DONATIONS TO THE MUSEUM. 

Javvabt 23sd.— CoLOErBL J. Stevenson, Deputy Commissioner of Akyab. — ^An ancient 

stone implement of Akyab district. 
FsBRUABT 26th. — F. B. Mallet. — ^A specimen of arsenious acid firom Orissa, (artificial). 
„ 28th. — Majob Montck)]cbbib. — ^A few nummulitic fossils from north-east of 

Lassa, Thibet. 
Mabch 3l8T. — H. WooDWABD, Esq., F. o. 8. — ^Two casts (upper and under surface) of 

Eophrynus (Curculioides) Prestvicii from coal-measures day iron 
stone, Dudley, (Geol. Mag., 1871, Vol. VIII, pi. XI). 



ACCESSIONS TO THE LIBRARY. 

Fbok 1st Januabt to SIst Mabch 1873. 

Titles qf Books. Donors. 

Bbll, J., LowsHiAN.— Chemical phenomena of iron smelting, (1872), 8vo., London. 

Bbbzina, Abistides. — ^Entwickelung der Hauptsatze der Kiystallographie und Krystall- 

physik, (1872), 8vo., Wien. 

The Vienna Inbtxttte. 

Bbown, Richabd.— The coal-fields and coal trade of the Island of Cape Breton, (1871}> 

8vo., London. 
Fbauenfeld, G. R. Von. — Die Grundlagen des Vogelschutzgesetzes, (1871), 8vo., Wien. 
GiOBDANO, F. — ^Esame Geologico della Catena Alpina del san Gottardo, (1872), 4to., firejae. 

The AiTTHOB. 

KuNSTLEB, Gustav. — Die unseren Kulturpflanzen Schadlichen Insekten, (1871), 8vo., Wien. 
Nicholson, H. Allbtnb.— Monograph of the British Graptolitid^, Part I, (1872), 8to., 

London. 
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THtlet qf Books. Donors, 

ICowicxi, Db. Max. — ITeber die Weizenyenrtisterin ChloropstsBniopns Meig., (1871), Syo., 

Wien. 
ScEBAuy, DB.-^Ueb6r die Kupferlasor von NertficluDsk nach HandBtiicken des k. k. Mine- 

nlogischen MuBeamSy (1871), 8to., Wien. 

The YixKirA Ihstitutb. 
PERIODICALS. 

American Journal of Science and Arts, 3rd Series, YoL lY, No. 24, YoL X, No. 25, 

(1872-73), 8yo., New Haven. 
Annaka dee Mines, 7th Ser., YoL 11, liv. 4, (1872), 8yo., Paris. 

L'AdKIKISTB. DB8 MiKBS. 

Annala and Magazine of Natnral History, 4tli Series, YoL X, Nos. 67, 68, and 60-62, (1872), 

8vo., London. 
Blochmaitk, H.— -Bibliotheca Indica, New Series, No. 264^ AIn-f- Akbari, Fasc. XY,(1872), 

4to., Calcutta. 

GOTBBKKSHT OF IimiA. 

Geological Magazine, Yols. IX, No. 12, and X, Nos. 1, 2, (1872-73), 8to., London. 
Geological Surrey of Canada. Seport of Progress for 1870-71, (1872), 8yo., Ottawa. 

Thb Su&vst. 

Haklxt, Sylvahus, ahd Theobald, Wm.— Conchologia Indica, Part Y, (1872), 4to., London. 
Indian Economist, with Agricultural Gazette and Statistical Beporter, lY, Nos. 6 to 7, 

(1872), 4to., Bombay. 

GOYBBKKBirT OF IkDIA. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

YoL XLIY, Nos. 296 & 296, YoL XLY, Nos. 297 & 298, 

(1872-73), 8to., London. 
Neues Jahrbuch fiir Mineralogie, Geologic, und Paheontologie, Jahigang, 1872, heft 7-9, 

(1872), Svo., Stuttgart 
Pbtbbmahv, Db. a.— Geographische Mittheilungen, Band XYIII, Nos. 11 and 12, (1872), 

4to., €k>tha. 
Professional Papers on Indian Engineering, 2nd Series, YoL 11, No. 7, (1873), 8yo., 

Boorkee. 

Thokasov Collbob, Boobkbb. 
The Boorkee Treatise on Ciril Engineering in India, YoL I, (1873), 8vo., Boorkee. 

Thomasok Collbob, Boobkbb. 
The Zoological Becord for 1870, YoL YII, (1871), 8vo., London. 
TscHBBHAK, GusTAY. — Mineralogische Mittheilungen, Jahrg. 1871, heft 1 — 2, Jahrg., 1872, 

heft 1—3, (1871-72), 8vo., Wien. 

Thb Yibnna Inbtitutb. 

GOYEENMENT SELECTIONS, Ac. 

Bbkoal. — Beport on the Administration of Bengal for the year 1871-72, with map of 

Bengal in case, (1872), 8yo., Calcutta. 

GoVBBinCBKT OF BbNOAL. 

Bbitibh Bubma.— British Burma, General Department (Miscellaneous). Administration 

Beport for 1871-72, (1873), 8vo., Eangoon. 

Chibf Commissiokbb, Bbitish Bubma. 



46 Becords of the Geologieal Survey of India, [vol. yi, 

litlei of Books. Damors. 

CooBQ. — ^Report on the Administration of Cooig for the year 1871-72, (1873), Sro, 

Bangalore. 

QOTSBHKSITT OV COOBO. 

India. ~ List of Officers in the Snrrej and Forest Departments and in Port Blair on the 

1st October 1872, (1873), flsc., Calcutta. 

GOYXEVMBHT OF IkDIA. 

„ MoNTOOMEBiB, T. G.— Greneral Report on the Operations of the Great Trigono- 
metrical Sorvey of India during 1871-72, (1872), flsc., Dehra 
Doon. 

Dbft. Aobic, Bbv., jjxj> Gommbbcb. 

„ Selections from the Records of the Goyemment of India, Fordgn Department, 

Ko. 101. Report on the various Arab tribes in the neighboar- 
hood of Aden, having treaty relations with the Government of 
India, by Major General C. W. Tremenhure, (1872), 8ro., 
Calcutta. 

GOYEBKMBirT OF ISDIi.. 

Madbas. — Report on the Administration of the Madras Presidency during 1871-72, (1872), 

8vo., Madras. 

GOTBBKMEVT OF MaDBAS. 



n 



Selections firom the Records of the Madras Government, No. XXXII. Fvpen 

relating to the survey and settlement of the Central and Eastern 
Deltas, and the Upper Talooks of the Godaveiy District^ (1872), 
8vo., Madras. 

Gotbbnubnt of Madbas. 

Mtsobe.— Report on the Administration of Mysore for the year 1871-72, (1872), 8fo, 

Bangalore. 

Mtsobb Goybbvicbvt. 

Ncbth-Wbstbbit Pbotivcbs. — ^Report on the Administration of the Korth- Western Pro- 
vinces for 1871-72, (1873), 8vo., Allahabad. 

GOVEBKHBKT OF N.-W. PbOVIKCBS. 

TRANSACTIONS, &c. 

f 
Bbblik. — Monatsberioht der k. Preuss. Akad. der Wissenschaften zu Berlin, August, (1872), 

8vo., Berlin. 

Rot. Acad, of Sciencb, Beblin* 

Calcutta. — Journal of the Asiatic Society of Bengal, New Ser., Vol. XLI, part I, 

Noe. 3-4, (1872), 8vo.^ Calcutta. 

The Socibtt. 

„ Proceedings of the Asiatic Society of Bengal, No. X, (1872), & I, (1873), 8ro., 

Calcutta. 

Thb Socibtt. 

Cambbidob Mass. — Bulletin of the Museum of Comparative Zoology at Harvard College, 

Cambridge Mass, Vol. Ill, No. I. Report on the Brachiopoda» 
by W. H. Dall, (1871), 8vo., Cambridge Mass. 

MUSBITM, COKP. ZOOLOOT. 
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OOUlet of Books, Donors. 

F1.0BBNCB. — BoUettmo B. Comitato Geologico d' Italia, Nob. 11 — 12, (1872), Syo., Florence. 

GxoL. Society op Italy. 
» Memorie per lervire alia descrizioiie della carta Geologica d' Italia, Vol. II, 

part 1, (1873), 4to., Florence. 

GxoL. Society op Italy. 

IiAtTSAViTB. — Bulletin de la Soci^t^ Vandoise des Sciences Natnrelles, 2nd Ser., Vol. XI, 

No. 68, (1873), 8to., Laiuanne. 

The Society. 
liOHDOK. — BritiBh Mufleam. Walkxb, F. — Catalogue of the spedinens of Hemiptera 

Heteroptera in the collection of the Britifih Mosemn, part Y, 

(1872), 8vo., London. 

British Museum. 

„ British Musenm. Gray, Johv Edward. — Catalogue of Shield Eeptiles in the 

collection of the British Museum, part II. Emydosaurians, 
Bhynchooephalia and Amphishanians, (1872), 4ito., London. 

British Museum. 
„ British Museum. Gray, Johv Edward. — ^Appendix to the Catalogue of Shield 

Reptiles in the collection of the British Museum, part I, 
Testudinata (Tortoises), (1872), 4to., London. 

British Museum. 

„ Transactions of the International Congress of Prsehistoric ArchsDologj, (1869), 

Svo., London. 

B. Bruce Foots, Esq. 

Salem. — Proceedings and communications of the Essex Institute, Vol. YI, part 3, 

(1868—71), 8yo., Salem. 

Essex Institute. 

Washington. — ^Annual Report of the Board of Regents of the Smithsonian Institute for 

1870, (1871), 8vo., Washington. 

Smithsonian Institute. 

n Report of the Commissioners of Agriculture for 1870 & 1871, (1871 & 

1872), 8vo., Washington. 

Deft. Agric, U. S. America. 

WiBN. — ^Verhandlungen der k. k. Zoologischen, Botanischen Gesellschafl in Wien, Band 

XXI, (1871), 8vo., Wien. 
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Notes Oft a Csur found by Mb. Haokbt tit tke ossiferous deposits of the NabbadjC 
Yallby (Pliocene of Falcoites) : on the aoe of tke deposits, by Mb. H. B. Mbdlicoti ; 
on the associaied shells, by Mx. W. Theobald. 

The celt is fonned of Yindhjan qnartzite, such as might be procured at any point along 
the northern edge of the yallej ; it is of the pointed oval shape, &" X 3''}, of very symme- 
trical outline (see figure) ; and, although rather roughly chipped on the faces, it is unques- 
tionably a manufactured article. Mr. Hacket dug it out himself from where he found it 
lying flat, and two-thirds buried, in a steep face of the stiff, reddish, mottled, unstratified clay, 
about six feet above low water level, and about three feet below the upper surface of the 
clay, upon which there rested about twenty feet of the gravel with bones. From the edge of 
the cUff of gravel, there is a steep slope passing up through the ravine ground, so common 
along the border of the main river channels, to the general level of the plains, at 90 to 100 
feet above the level of the Narbad4. The locality is on the left bank of the Narbada, near 
the village of Bhutra^ eight miles due north of Gadarwara. 

ne age of the ossiferous deposits, — ^In bringing forward an authentic specimen of 
human manufacture from the ossiferous deposits of the Narbad& valley, some expression of 
opinion will be expected from geologists in India regarding the age of those well-known beds ; 
the more so because a name has been already applied to them by a high authority, implying 
an age very much more remote than that of any human remains as yet found in other coun- 
tries. In all questions relating to the determination of vertebrate fossils. Dr. Falconer's 
Judgment carries great weight. In India he has not as yet had a competitor in this line of 
research ; and even in Europe he took a leading part in the same studies, connected with the 
inquiry into the antiquity of man. He determined a number of fossil bones from the Nar* 
bad4 deposits, and invariably spoke of them as pHooene. 

In 1868, the Superintendent of the Geological Survey described in these Records (Vol. I, 
p. 65,) an agate flake, or knife, found by Mr. Wynne in the ossiferous clays of the God&varf 
valley, which he affiliated to like deposits in other parts of India. In this connection Fal- 
coner's views were quoted at length by Dr. Oldham in a tone of high approval, without any 
expression of dissent or of question as to the matter of age ; and thus at least a tacit assent 
and a fresh lease of life was given to the opinion that these deposits belong to the pliocene 
age of geologists, the name being used by both authors in the confident expectation that 
these deposits would yield evidence of man's existence. I do not pretend that the question 
of age can be finally settled now ; but it is important to point out that the opinion quoted is 
not well founded. 
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For those who are not posted up in such matters, it is well to point out the considerable 
liistorical license that is taken in this application of the name pliocene. In the accepted 
geological nomenclature the tertiary formations end with the newer pliocene. Although the 
post-tertiarj period is as nothing compared with the preceding geological ages, it still 
represents a great lapse of time, for an estimate of which we are entirely dependent npon 
geological evidence. After passing the recent, or prehistoric, period, in which all the animak 
are of existing species, we get into the post-pliocene, or pleistocene, period, in which a 
variable proportion of the mammalian remains are of extinct species ; and according to the 
distribution of these extinct mammalia, the deposits are arranged into late, middle, and early 
pleistocene. Nearly all the old river-gravels and cave-deposits with the human remains, 
about which so much has been published in the last few years, belong to the late pleistocene, 
or, as it is sometimes called, the quaternary period ; this name being sometimes also used as 
•equivalent to the whole pleistocene, and preferably so in my opinion, as distinctly marking 
its post-tertiary date. Thus it may be said roughly that the oldest human remains in Europe 
•only take us about half-way back in that post-tertiary time. Almost the whole of the 
glacial period, — during which England was in great part submerged, and the glaciers of the 
Alps filled the great valley of Switzerland to high up on the flanks of the Jura, — intervenes 
lietween those ossiferous valley-gravels and the newer pliocene, or even the early pleistocene. 
Some supposed evidence of human remains has been brought forward from pliocene strata in 
England, and even from miocene beds in France, in the form of perforated shells, scratched 
and split bones, and very rudely-chipped stones ; but the correctness of these interpretations 
has been denied by competent and quite unprejudiced judges.* It may, therefore, be said 
that from the stand-point of existing information, the genuineness of human remiuns from 
pliocene strata, or the true pliocene age of strata containing human remains, would call for 
particular proof; or, not to disguise the point, supposing (as seems almost probable) man to 
be an exalted chimpanzee, it is quite an open question whether the change may not have 
occurred in post-tertiary times — so little positive is still our knowledge of geologic time 
and of the method of organic evolution. 

Even some geologists seem to need to be reminded that the tertiary period and its 
sub-divisions are based upon the testacea only, upon the proportion of living to extinct 
species of fossil shells, not of fossil remains in general. The fitness of this limitation was 
guaranteed in the first instance by the judgment of its distinguished author; and it has 
been justified by the universal adoption of the classification based upon it It is with no 
small astonishment, therefore, that we hear of the grounds given by Falconer for calling the 
older deposits of the Indian rivers pliocene. After telling us (Pal. Mem., Vol. 11, p. 644), 
on the authority of the Geological Survey, that the shells are all of existing forms, although 
in somewhat difierent proportions to those now inhabiting the Narbada valley, he adds : — 
" In designating the formation as pliocene, which I have done during many years, I have 
been guided by the indications of the mammalian fauna, as intermediate between the 
miocene of the Irrawadi, Ferim Island, and the Sivalik hills, and that of the existing 
period." That is, he takes upon himself to use the word pliocene in a sense quite foreign 
to that in universal use. The difference noticed here in the relative strength of the moUuscan 
species in the living and the fossil stages is nothing like so great as that in the post-pliocene 
deposits of Europe. For the living relations of some of the species, even in the late pleisto- 
cene deposits of England, one has to go to the Mediterranean or to sub-arctic waters. The 
whole ground of Falconer's position is placed upon the mammalian fauna. The act is thus 
either a deliberate attempt to revolutionise the meaning of part of our best established 
geological nomenclature, or else the word pliocene is applied in a more abstract sense, im- 

* Opinion maj be reseryed at preaent apon the miocene age of Mr. Calyert's fossil drawings. 
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plying that these deposits in India belong to the age of the pliocene of Enrope. Falconer 
cannot be acquitted of the grave error iavolved in the former position ; and one scarcely 
knows whether the error is aggravated or palliated by the fact that his judgment was here 
influenced by his temper. It is painfully evident in his later writings that he took a pleasure 
in ignoring and crossing the authority of Sir Charles Lyell, It was not only to Indian 
deposits that Falconer applied his independent criterion of classification : upon the evidence 
of the fossil mammalia he designated the well-known pre-glacial forest-bed of Norfolk 
as pliocene, in defiance of established usage (loc. dt., Vol. 11, pp. 190, 686). One need hardly 
say that his attempt has been by common consent ignored* In a very recent note upon 
the classification of the pleistocene deposits. Dr. Boyd Dawkins points out the veiy marked 
difference even of the mammalia of the forest-bed from that of the pliocene (Am. Jour., 
April 1873). 

The hint thus given to geologists in India is a very strong one ; and the matter would 
Bcaioely have been worth notice but for the apparent sanction recently given to Falconer's 
words. We are in a manner bound to reject Falconer's criterion as such; and it only 
remains to be seen whether in some non-regulation sense the Narbad4 deposits, and with 
them the old alluvium of the Gangetic plains, can be of pliocene age. It is of course 
conceivable, albeit in contravention of the harmonies of nature so far as known, that the 
piAinTnalian fanna might be veiy strongly in favor of the position taken up by Falconer. 
Although the fossil shells all belong to species now living in the neighbourhood, the mamma- 
lian forms might (at least in argument) be of such antique types as to bear down the 
standard of the shells. Nothing of the kind, however, is the case. Falconer repeatedly 
insists, on the one hand, upon the perfect distinctness of the Narbad& fauna from that of 
the Sivaliksy and on the other hand, upon its strong affinity to living forms. He speaks of the 
Narbad& fossils as " in lime only a little ahead of existing species" ( op. cit.. Vol. I, p. 21). 
He nowhere says that the Narbadii fossils are in any specific sense pliocene ; but only, with- 
out any attempt at precision, that he calls the deposits pliocene because the mammalian 
fiuina is intermediate between the miocene of the Sivaliks and that of the existing period. 
It is a great testimony to the authority of Falconer's name that an innovating opinion, 
without even an attempt at defence, should have met with any consideration. I do not, 
indeed, presume that Falconer's statement of age has ever received much countenance from 
students in Europe or elsewhere ; but since an apparent approval of it has been issued by a 
high authority in India, it is well, on so fitting an occasion as the present, to examine the 
merits of the case. 

As regards fossil man in India, Falconer's speculations were based a good deal upon 
biological assumption and geological misconceptions. It is not quite certain that A prion 
the oldest marks of intelligence that can be called human are to be looked for, as Fdconer 
tells us, " in the great alluvial valleys of tropical or sub-tropical rivers." If the analogy of 
historical times may be taken into account, it would not be under conditions favorable to 
nakedness and laziness that we should expect contrivance to be bom. We may indeed 
find the most monstrous form of the ape in the deposits of tropical regions ; but it may 
be quite possible we should look for the earliest trace of humanity in the r^ons now 
most favourable to its development. 

. Mixed up with Falconer's mythical, biological and physico-geographical speculation upon 
the cradle of the human race in India, there is frequent very vague mention of geological 
conditions ; and here we come upon his weak point. It is an excellent example of a 
confusion very commonly made — showing how a man may be in the first ranks as a 
paleontologist, and in that sense a geologist, and yet possibly be a very poor geologist 
in the stricter and primary sense of the word. Although Falconer's clear instinct 
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of observation led him to the broad oonclusion that the Sivalik strata were formed oC 
debris conveyed throngh the existing river-channels ( op. oit., Vol. I, p. 8 ), and deposited 
along the base of the monntains, it may almost be said that he never made a geological 
observation in any particular sense of the action. The most amazing instance of this ap- 
pears in the explanation he gives of the absence of lakes along the base of the Himalaya, 
as compared with the Alps. He tells ns (op. cit.. Vol. II, p. 660,) that for ten or twelve 
years he puzzled over this problem on the ground ; yet he accounts for the absence of lakes 
along the base of the Himalaya by there never having been glaciers to prevent the siting' 
up of the basins. The absence of the basins themselves seems never to have occurred 
to him, although all the Himakyan rivers are rock-borne torrents in the region of the 
missing lakes.* 

As more directly bearing upon the point before us, it would seem that, in the absence of 
such conspicuous evidence as the marine boulder-drift of Europe, separating the ossiferous 
valley-deposits from all the tertiary formations. Falconer failed to observe the very marked 
stratigraphical features that do occur. He speaks of there being no break visible in the 
tranquil succession of deposits ; that " the present physical order of things, modified only 
by alterations of level, by upheavement and depression, could be traced back in an un- 
broken chain to the ossiferous strata of the valley of the Narbada and of the Sivalik hills" 
(op. cit., Vol. II, p. 576, and Quar. Jour. €^1. Soc., London, YoL XXI, 1865, p. 386) ; 
he constantly speaks of the Sivalik hills as " an upheaved portion of the plains of India.** 
All this is exceedingly inaccurate and misleading. I have added many proofs to at least one 
point of Falconer's description, that of the distinct connection of the Sivalik deposits with the 
present local mountain-features ; but the most cursory examination reveals to the geologist 
great gaps in the series of deposits. At Hardwar, a place well known to Falconer, the 
old alluvial clay of the plains is found resting upon a deeply denuded surface of vertical 
topmost Sivalik strata. The relation is stratigraphically similar, and probably nearly his- 
torically corresponding, to that of Loess of the Rhine to the Molasse of Switzerland. There 
is full evidence, too, that the glacial period was sensibly felt in these r^ons : in the Kangia 
valley, where a range of considerable elevation ( the Dhaoladhar) occurs dose to the edge of 
the low hills, I found unquestionable glacial erratics scattered over a surface of the Sivalik 
formatioDs, at a present elevation of 3,000 feet above the sea ( Mem. Greol. Sur., India, 
Vol. Ill, p. 155). I do not doubt that if we could fetch up a meridional slice of the 
Gangetic plains, we should find deposits representing the whole interval indicated ; and it 
is not improbable that the series may yet be picked out from outcrops in different parts of 
India. What I want to show is that the two terms of the series we now have hold of — the 
old Gangetic alluvium and the Sivaliks — are very wide apart ; and so, that the ^valiks 
being older pliocene or upper miocene, the other may be ever so recent. 

If we make any attempt to gauge the age of the old alluvium from the other side, 
we are led pretty much to the same result. All purely geological computations are 
estimates of work done; and we have the immense advantage of knowing that the 
operatives never idle, or never even take rest. The final appeal for the antiquity of the 
human remains in the valley-gravels and cave-deposits of Europe is not to the little-known 
laws and conditions regulating the extinction of species, but to the mechanical work done 
in altering the features of the country, in excavating wide valleys, or in laying out broad 
plains subsequent to the date of those remains. It is quite true that the result here, too, 
is only an approximation within wide limits ; that the independent variables of the problem, 

* It puzKlod mo to think apon whoso observation Sir Charles LyoU could have adopted each a view as this. 
AS stated in his "Antiquity of Man" ( p. 319). The puzzlo is now cleared up. If Sir Charles, as Falconer supposed, 
annexed tnlormation without acknowledgment, he did not always gain by the transaction. 
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-while largely affecting the result, can only be indirectly conjectured. For instance, a change 
of levels would greatly affect the eroding and depositing power of rivers ; or a change 
of climate and of rainfall, with perhaps the addition of severe frost, would have a like dis- 
turbing effect upon the work done, without our being able to assign the amount of those 
bj-gone conditions. But taken all in all, reliable indications, and comparative, if not actual, 
measurement can be made. 

The Narbad4 valley, meaning that broad area of the river's course from where it 
leaves its gorge in the trappean plateau of Mandla near Jabalpor, to where it enters its 
narrow gorge through the Yindhyan quartzites below HoBungabad, is about as unfavorable 
a case as one could select to exhibit symptoms of change. It is a rock-basin, a valley 
excavated chiefly, if not entirely, in crystalline and slaty metamorphic rocks, between two 
plateaus of littl&4isturbed sandstone-formations, the Yindhyan on the north and the 
Jdahad^v& on the south, and converted into a rock-basin by some oscillation of level. It 
would seem that the change was not rapid enough to produce a lake, for in all the sections 
now exposed coarse gravels occur. As soon as this basin had received the charge of deposits 
due to this change of level, and supposing no further earth-movement to occur, the change 
of features to what we now find would depend upon the eroding power of the river to 
lower the rim of the rock-basin, and thus gradually to bring under denudation the deposits 
it had so lately laid down. If then we could fix the maximum thickness attained by the 
deposits, and also the rate at which the river can lower its gorge of discharge, we could 
assign something like actual dates for the successive phases both of denudation and of 
deposition, on this supposition of normal conditions, without interference of crust move- 
ments or other occasional forces. The process is now going on. The river at least cuts faster 
than pluvial denudation can work in lowering the general surface, for its bed is now 
some 80 to 100 feet below the level of the adjoining plains. There is nothing to suggest 
that the depth of the valley-deposits ever much exceeded what we now find. The plains 
deposits never extended into the valleys of the 84tpur&» some of the minor streams from 
which are still accumulating materials upon the deposits of the main valley. There are 
nowhere any signs of high-level deposits, along the borders of the basin, whether remnants 
of a former phase of denudation of the actual valley-formation, or (like the ossiferous gra- 
vels of Northern Europe) remnants of deposits formed in a more ancient shallower rock- 
valley. The ossiferous beds of the Narbadd seem to be simply a member of the last and 
only valley-deposits, which have now for a long period been undergoing denudation. But 
I know of nothing to suggest that the change from deposition to erosion supervened at a 
time much prior to the ' recent' of the geological scale. 

The only debateable stratigraphical point upon which a stand might be made, is 
whether unconformity occurs, indicating a general and possibly a great interruption of 
deposition between the ossiferous beds exposed at or near the present level of the river 
channels and those above them. I have examined many sections with a view to testing this 
supposition, but I have failed to confirm it One often finds local unconformity — coarse 
gretvel upon a weathered surfitce of stiff clay ; but these are no more than must occur in 
the normal process of formation of river deposits ; and most frequently it is impossible to 
detect any break in the section. The fossils, moreover, occur largely in the gravels above this 
supposed unconformity, without any sufficient grounds for supposing them to have been 
washed out of the clays. Thus, then, there is nothing like a corresponding amount of 
evidence for work done here since the age of these bones, as there is in Europe for work 
done since the formation of the ossiferous gravels and cave-deposits ; although the permanent 
staff of operatives is much more powerful in the former case. Every season there occurs in 
the Narbada a rise of from 40 to 70 feet, with a stream of great force. It is, as I have 
said, impossible to make an exact comparison, on account of the undetected influences that 
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may haye been at work on either side to accelerate or to retard. I only wish to point out 
that there is no presumption, either palssontological or mecha n i c al , that these Narhada deponta 
are'older than the late Pleistocene. 

If we turn to the great Gangetic valley, the old alluvium of which Falconer ranked 
with the Narbad4 beds, the physical arguments lead us to a like conclusion. Here we have 
not to deal with a rock-basin ; and the conditions are more appreciable. In the upper part 
of its course the Ganges cuts a broad abrupt valley, 60 to 100 feet below the level of the 
adjoining plains. In the lower region of the plains the denudation haa taken a ^der 
sweep ; the old alluvium has for the most part been removed, isolated remnants of it only 
being found; and those, at least towards the modem delta, are being enveloped in the 
encroaching deposit of its alluvium. On the whole, the features of denudation in the Gkmges 
valley seem to imply that this action was brought about by the subsidence of a former 
delta of greater extent than the present one, not by an elevation of the mountain region. 
Along the upper edge of the plains, the minor mountain-streams are still massing deposits 
continuously over the old alluvium ; and in some of these recent torrential accumulations a 
fossil Hindd village has been dug out. If we now turn to our comparisons, it is evident 
that the signs of change and of work done here are nothing like so great as that recorded 
of the Rhine and the Danube in their valleys within post glacial times. Or absolutely, 
even stretching to the utmost the legitimate assumption of comparative stability of condi- 
tions in India, we can hardly reduce our estimate of the necessary duty of such a river as 
the Gkmges, during the period allowed by a minimum computation for the lapse of time 
since the glacial period of Europe, to the amount of work I have indicated. So that here 
again the opinion obtrudes itself, that these old ossiferous alluvial deposits are not more 
ancient than the late Pleistocene. 

From the description given of the implement-bearing lateritic gravels of Southern India 

by my colleague Mr. R. Bruce Foote (Quar. Jour., Geol. Soc, London, Vol. XXIY, p. 484, 

1868, and Mem. GeoL Surv., India, Vol. X, 1872), I should think they may be as old as the 

Narbada gravels. 

H. B. MEDLICXXTT. 
July, 1873. 



The shells of the ossiferous deposits. — ^The shells Mr. Hacket has placed in my hands 
for determination are all of them species, known to occur in the ossiferous gravels of the 
Narbadil, a list of which is contained in the Memoirs of the Geological Survey of India, 
Vol. n, page 284. They are all of them in the mineral condition observable in the shells 
from i^ese ossiferous beds, and some of them are embedded in the ordinary matrix of many 
of the fossils of the group, a gravel strongly cemented by lime. 

The most numerous and characteriBtic shells are Uniones, of precisely the same species 
and varieties as those now living on the spot, and it may be incidentally added, that no 
molluscous species is known to be included in these ossiferous beds which is not now living 
in the valley, though many species now living, have not as yet been detected in the gravels, 
which is a fact not without interest when the revolution is considered which has been 
wrought among the vertebrata since the days of the Hexaprotodon and Tetraprotodon, 
which, with numerous other pachyderms, proboscidians, and ruminants, then roamed over 
Central India, and disputed with man for mastery in the primeval world. 

Associated with the Uniones, occur also Bulimus pullus. Gray; Melania tuberculata, 
Miill. ; Planorbis convexiusculus, B. ; Lymnsea acuminata^ Lam. (?) ; and a Corbicula, pro- 
bably Corbicula Cor, Sow. 
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Three species of IJnio occur in the collection, U. maboinalib, Lam.; U. g^ervlbus, Lba; 
and U. coBBUOATirs, Mull., which last emhraces fbur distinct races, usoally classed as species 
by most authors, but which, after some study of the Indian forms pf the group, I incline 
rather to treat as local and permanent races, thereby reducing within manageable and natural 
limits the crowd of shadowy species, with which the literature of the group is burdened. 

U. HABOINALIS, Lam. 

Tins species is not uncommon, but is not so finely developed in proportion, in the ossi- 
ferous gravels, as the others, neither does it seem to occur quite so well preserved, nor to 
obtain the same weight of valves as in the other species, in which respect it simply agrees 
with the same species now living, which never displays any considerable thickening or 
calcification, under any conditions, however favorable. A perfect example, not fully grown, 
measures — 

Breadth ... ^ ^.57] 

* Length ... ... ... 29 > Mills. 

ndcknees ^ ... ... 19 j 

Allowing for slightly broken edges in the fossil, these proportions closely accord with the 
living shell which I give from Manbhoom — 

Breadth ... ... ... 61 \ 

Length ^ ... ... 31 > Mills. 

Thickness .^ ... ... 18 j 

A second specimen from these beds, which may be considered fully adult, measures 93 
mills by 43. 

U. CABULBUS, Lea. 

This species attains to a superb development in the ossiferous gravels, and merits nomi- 
nal recognition, since it does not quite correspond with any variety hitherto separated. It 
may stand as var. Namadicus, Theob. 

Two per£ect examples measure respectively — 

a. 
Breadth ... ... 66 

Length ... ... 31 

Thickness ... ... 23 

A precisely similar form is now living in the Narbad&, and differs less, from the type of 
the species, than some other races in other parts of India do. It agrees generally in the 
form of the teeth, in shape, color, and sculpture, save that each character is heightened in the 
Narbadii form. The lateral teeth often display a cameous tinge, and the sculpture of the 
valves is not only stronger than in the type, but covers a far greater area, both on the valves 
and their posterior slope. A very similar form, though departing more from the type as 
regards shape, inhabits the Kistn4 valley, where it attains a breadth of 60 mills — (the type 
measuring only 43). 

TJ. COBBUOAT178, Mull. 

It is a great pity that the type of that species of Unio, which seems to unite the greatest 
number of races in India, should be so ill characterised, difficult of identification, and appa- 
rently, with a good series under view, so aberrant from the more strongly marked forms, 
which strict zoological argument requires should be united to it. On this subject I would 




* Length Ib mewored at right angles to s line tangential to the Tentral margin. 
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refer to Mr. Blanford's contribations to Indian Malacology in the Journal Aa. Soc., 
Bengal, for 1866, page 134^ which contain a highly useful and condensed paradigm <^ 
our Indian Uniones. 

Mr. Blanford is undoubtedly correct in saying that " both Lamarck's and Chemnitz's 
types (of Corrugatus) are quite distinct from Benson's U. fayidens, which has been confounded 
with them," but with a very large series before me, I consider that this distinction is ft 
racial one, not a specific one. 

If the rules of priority would have permitted it, I should have preferred, as the more 
natural course, to have taken Benson's U. favidens as the type of that species round which 
so many races or sub-species cluster ; but as this cannot be, U. favidens must stand as a 
race perfectly separable, but still only a race of the wretched, ill-nourished U. corrugatiis» 
Miill., for the epithet " tenera " applied to any of the forms of this robust species, stamps it 
as an abnormal individual, impoverished by un£Eivorable local conditions, and subjected to 
deficient or imperfect alimentation. 

That the utmost diversity exists between the races which I unite under U. cormgaios 
may well be, since without pretending to anything like a complete knowledge of all the 
forms of this species throughout its entire Indian range, there must still be admitted sixteen 
separable races, exhibiting very variable degrees of difierenoe from each other ; even after 
excluding U* IcBviroatris of Benson as a synonym of U, Nagporensis, Lea, and uniting 
Nagporensis, Lea, with Wynegungensis, Lea, with which it is essentially identical, or too 
trivially distinct to be separated, judging from a large series of both forms. 

IT. COBRUOATUS, MulL 

1. Var. triembolus, B. 

This form occurs very fine, both living and fossil, in the NarbadA. 
A fossil specimen measures — 

Breadth ... ^ ... 66 \ 

Length ... ... ... 40 > Mills. 

Thickness ... ... ... 26 j 

and I have no living specimen which quite attains these dimensions. 

2. Var. Wynegungensis, Lea. 

A stout trigonal and elongate form, which approaches the U, Icnnrostris, B., seems 
equally common with the last, and passes into it. 
A fossil specimen measures — 

Breadth ... ... ... 73 j 

Length ... ... ... 39 > Mills. 

Thickness * ... m« ... 27 ) 

And in this case also I have no living specimen which equals these dimensions, my largest 

specimen of this type from the Eistn& only reaching 60 mills. 

3. Var. Indica, Sow. 

This well marked form occurs both living and fossil; one of the last collected by 
Mr. Hacket measuring- 
Breadth ... ... ... 30 ^ 

Length ... ... ... 27 > Mills. 

Thickness ... ... ... 19 j 

This is not a large race, as a fine recent specimen from the Narbad4 only measures 
41, 34, 21 mills. It is maioly confined to the Narbad4, though I have it also recorded 
froq^ Bajputana. 



rjin 3.] Einy r Beddadanoh Meld, Goddvari LUtriet. 67 

4 Corragfttos, M€D» 

The pieoeding fonns pass into one, iriiidi in the joong state oloeely approaches the 
^irpe^save that it is a stoater shelL 

There is, inoieG^er, ae fizify aaiogaidathe sovlplAte oa the valves, so fiur as the extent 
fiovesed by it, still the geiNtai&iciesia that of the type, which, aoootding to Mr. Blanford, 
would seent more oommoii in Southern India than itt the Qangetio^ basin. A fiissil specimen 



Breadtti .„ ... ... 271 

Length ^ ... .., 20 > Mills. 

Thicknete .•. .^ •..12) 

July, 1873. W. THEOBALD. 



Kan «ir ths BisXeass (coiL-ksisirsn) iir tKs Bfti>DAi>AKOLB FtsLD, GooXviBf 
DiSTSicT, 5jr WiLUiJc Knra, n. a., Depttif SuferuUendeuip Oeologieal Survey 
rf India. 

The qnestioo as to the ezistenoe of coal in the God&vari IMstrict, and indeed in the 
ICadras Presidency— for the area under oonsideratioa is the only known one of ooal-bearing 
vocka in the British tenitozy to the sonth of the God&vazi river— is still ss fall of obscnrity 
MB it was when I drew attention to the Beddadanole field last year. I have had, during 
this season, another bpportnnity of examining the ground most closely, but without success i 
said fins seanh was so dose that it does not seem possible that any outcrop of coal will 
ever be found by sor^use searching. Any furthw exploration must^ therefore^ be made by 
itoting» and I am not without hope thikt coal may then be found. 

3. The most important point, and in fact the only tangible one to be relied on, is that 
the rocks of the Beddadanole area are Bardikctra; that is, they belong td the lower member 
of tiie Dam^dX Ssbies, or the ooal-bearing rocks of India. It is true that no seam of 
eosl is visible, but this does not at all necessarily imply the non-existttice of coal. 

3. To try and ^how that coal may exist in this field, I shall compare it with other 
adjacent fields, riz., that to the north-west, on the €k)d4vaz{ bebw Badraohellum; and the 
Singareny eoal-field to the westward, in the Nizam's dominions* In the first of these, 
though it was reported by Colonel Haig to Mr. W. T. Blanford that ooal was said to have 
been found down tiiere, no coal was to be found at the place; indeed, the borings afterwards 
put down would seem to show that coal could not occur at the surfaoe. At any rate, the 
rocks were seen to be DAMt^DXs ; and borings revealed seama of ooaL These are^ however, 
not of much extent on the British side of the river, though they are probably large 
enoogh on the Nizam's side, as I have since found that an outcrop of possibly the same 
beds shows at some twenty-five miles to the south-west. 

4 As regards the Singareny coal-field, I ean compare it more closely with that of Bed- 
dadanole, having likewise again visited it this season, when it is now being thoroughly ex- 
amined by Mr. Heenan, the Superintendent in charge of the Nizam's coal-fields. The only 
difieienoe of outward droamstanoes» as rq;ards the present enquiry, between this and the 
Beddadanole field is, that coal did show at the sur&oe in the former, though only in the 
most fivtuitous way. Otherwise, the series of rooks {Bardkart) in each field are identical 



* Por the infomuUioa of MfttaraUsts At home^ I maj m wtU add tliat the Narbsdi does nofc bslong to tbs 
Oasfvllc bvia. 
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in erery way, in theiT appearance, oonstitntion, and mode of oocnrrenoe. lliexe are plenty 
of outcrops of rock oyer this Singaieny area where one might expect that seams of ooal» 
if they existed, might appear at the snr&oe ; but such is not the case ; there is only the one 
large " pot-hole" hollowed out in the low ridge of sandstones in the bed of the river with 
the seam of coal showing at the bottom. Nevertheless, since tiie borings have been put 
down by Mr. Heenan, not only has the first found seam been traced in other ports of the 
area» but three moipe have been- struck, one above, my seam and the others below. So that 
here we have a field with at least four seams of coal, the lowest found as yet being a very 
thick one, and having its strata so laid down that all these seams ought to crop out at tlie 
surface, whereas only one is just exposed. Outcrops of all the seams do probably exist ; but, 
as would be likely, owing to the coal being cut into and washed out at these places by the 
weather and the streams, they are either now covered up by sand and debris gatliered 
between the exposures of the harder beds, or are hidden by the settling dgwn of superin- 
cumbent strata. 

6. This concealment, or washing out of coal outcrops, may equally exist in the Bedda- 
danole field, as, it is hardly necessary to state, there are numerous spaces in the nullahB 
between the exposed rock masses which are filled in with sand, though^ as a general rule, the 
sandstones are very well and frequently exposed. Again, the lie or dip of the strata is very 
low, on the average about 6^ to the westward, and they undulate to some extent ; while the 
general surface of the area occupied by the Bardkara is flat ; and thus the sandstones 
have not been deeply cut into by the streams, so as to show enough of the strata. 

6. There is, besides, a physical feature of this area which seems to hold out some hope 
that there may be hidden coaL The field is traversed by a river of from 50 to 00 feet 
in width, which flows in the direction of, or with the strike of the strata, or along the 
outcrop, that is, nearly north and south, a course which, viewed with the rest of its route 
over the Kdinthi area, is somewhat exceptional. This course of the river may be due in 
part to the existence of a band of softer strata occurring between the sandstones which 
show at rare intervals on either side of the river. Indeed, I think there can be no doubt 
that there is a band or seam of softer or more easily worn strata covered up by the sandy 
bed of the river ; or we should have had rock cropping up at places in the channel. But 
boring alone- will tell whether coal seams occur in this soft and denuded bed. 

7. The exposed area of Bardhars is, unfortunately, not extensive, being only about 6i 
square miles. It is ofivered up immediately on the western side of the field by the great 
series (KdmihUj of Blanford) of red and brown sandstones, in which there is no ooal, con- 
stituting the upland country of Asharaopettah (Nizam's domioions) and Jeelagoomilly, Ac, 
(British territory) to the westward. There must, however, be a good spread, equal in area at 
least to that exposed, of the Bardhars hading down underneath the KdnUhis. I am led 
to expect that this vi^ra Kimthi extension is larger than I originally thought, on account 
of the westerly dip and the great thickness (about 300 feet at least) immediately under the 
covering edge of the Kdmihis, Also, as we may judge to some extent by the lie of these 
last towards Jeelagoomilly, there is a roU up again of the beds towards that village, thus 
forming a synclinal or depressed curve of the strata, indicative of an ancient valley, over 
part of which the Beddadanole Bardhars were deposited. This same valley beneath the 
Kdmthia appears to have opened out south-eastwards, leading to the inference that if the 
Bardhars do extend any distance underneath, they would lie down this valley, rather than 
up or across it, and so be still in the British territory. 

8. A^ indication of the possibly large extension of the Bardhars underneath the 
Kdmihis is shown some miles to the north-west; for, as already stated, I have lately 
found what certainly appear to be Bardha/rs cropping out on the w^rtan edge of the great 
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Sllore-to-Badraoliellatt spi^ad of KdmtKii at a point some twenty-five miles soath-west of 
the coal-field below Badfachelliim, and whicli may t)e an extension of that field. 

9. % sommarise, I ikink it may t)e concluded — 

IH, — That there is a likelihood of ooal from the h/^ that the sandstones of Beddadanole 
are of the Bardhar group. 

2m2. — That there is some slight reason for suspecting that the Beddadanole river bed 
tDonoealfl ooal outcrops. 

3^.— There is every expectation of the area, exposed and hidden, of the Bardhars 
being at least ten square miles in extent, if not a great deal more, and that it lies in, the 
British territory. 

' So that, should it be decided to try the field by boring, and I would most earnestly 
recommend this proceeding on account of the above three conclusions, though they be laden 
with ooBJecture, the crucial bore hdes ought to be put down near the right or western bank 
of the stream, where ihey will run to a depth of over 200 feet before the coal-bearing 
strata are jaerced. One bore-hole at about half-way down the course of the river within 
the field would be ahnost sure to strike coal if there be any in the field ; though, even if 
this failed, another might be struck down about three-quarters of a mile ^rther west, as 
the first bore-hole would only have pierced about half the thickness of the exposed field. . 

Details as to the character of the rocks, their lie, and the size and position of the field 
have been already given in the Becords of the Geological Survey of India, Vol. V, 
part ^ 1872. 

Camp, GoDXvABf Distbict,^ WILLIAM KING. 

April 18^, 1873. i 
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A. B. Wtnsb, f. a. 8., Qeologieal Survey qf India, 

The first two seasons during which the operations of the Geological Survey were extend- 
ed to the Punjab having been devoted to the examination of the Salt-Bange, the following 
one was, by order, chiefly spent in rapidly reoonnoitering the country surrounding the upper 
plains of tiie Punjab, both on this nde aud, as far as possible, trans-Indus, in order to obtain 
a preliminary general knowledge of the complex geological features presented. 

At its dose lines of observation were carried through the Hazara district, and a closer 
examination was made of the Sir Ban mountain region, dose to Abbottab&d, which was found 
to afford an epitome of much of the geology of the Upper Punjab (see Memoirs Geological 
Survey, Vol. IX, Art 3.) 

At the commencement of the succeeding season^ that of 1872-73, the detailed working 
of the one-inch maps of the Bawul Pindi district was taken up and carried on with one 
interruption, during which the Salt-Bahge was again visited, in order to obtain a special col- 
lection of its mineral products for the Vienna Exhibition of 1873. 

With the valuable assistance of Dr. Warth, Deputy Collector at the Mayo Mines near 
Pind Dadun Khan, a series of specimens of several maunds in weight was formed and des- 
potxshed to Calcutta. This included a block of rook-salt cut purposely firom the mine, about 
two tons in weight ; and amongst the others, a complete series «Df large specimens illustrating 
the geological structure of the part of the range overlooking Pind Dadun Khan, ; besides 
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fl^eral specimens of newly found minenlB from the tfajo Minee, audi aa GUraberifte aad 
Kieseritet varieties of pore potash aalta, and othen in oombinaiaon with aalphataa. 

Specimens of the caUoal salt of Kalabagh, the almn ahale^ gypsun oontaining qiuffla- 
crystals, and fpAd sand from this latter looality, were also added to the colleotioa with the 
help of Mr. Wright* CoDeotor of the Salt Betemieb and Dr. Warth. 

At the same time efforts were made to obtain a block of trans-Indns salt from the mines 
of Bahadur Khel, which resulted in the addition of a 87*mannd block of this salt to the 
«ellectioB forwarded by Capitain Plowden, Assistant Commissioner at Eohat. 

These two large speatmens show the marked diferenoe of colour between the dear iHute 
or red&h salt of the Salt-Bange and the gray or dark-oolonred trans-Indus salt. 

It was dunng the progres s of the Vienna collection at the IKayo Mines that the disoo> 
▼ery of the potash salts was made, attention being called to their situation in the mines by 
the hardness of part of a band of ' Eunur* or impure salt through which a drift was bdng 
excavated. On examination of this, the band of potash salts was found to be 6 feet thick, 
partly pure and partly mixed (sulphates, &o.) ; but its ftirther extension could not be at the 
time ascertained owing to its situation, while there was little or nothing in the general 
appearance of the potash mineral to distinguish it firom the ordinaiy salt. Specimens were 
immediately subjected to a preliminary analysis by Dr. Warth, but the crystallography of 
the new found salts was a subject unapproachable for want of proper instruments for mea- 
surement. It is hoped that some of the perishable crystals put np in glass bottles may have 
reached Vienna in a state fit for examination. 

The deposit will probably prove interesting, as the only one known within British posns- 
sions, and may become very valuable should the importation of these high priced salts into 
Engbmd from the Continent be interrupted. Dr. Warth suggests that it may eventually he 
found advantageous to work this deposit for the alum factories at Kalabagh. For shipment 
from India the transport of the salts would present no great difficulty by the wire-tramway 
from the mines to the banka of the Jhelamt and thence by water to Kotlee on the lower 
Ilidus or to Kurrachee. 

In carrying out the detailed examination of the Rawul Hndi district eastward of that 
station, the hiUs were found to exhibit the rehitions of the " sandstone aad day" portion of 
the great outer tertiary belt, well known as the southern border formation of the geological 
system of the Himalayas. Here the lower, red, or Murree (or Subathu), beds pass upwards by 
alternations of red days or shales and gray sandstones (locally distinguished by the Punjab 
survey-party as the ** red and gray" series) into softer gray sandstones with days of a more 
orange colour, the highest beds being a thick group of incoherent conglomerate xodcs, pro- 
viously known to exist on the Indus and at both ends of the Salt-Range proper, as well as in 
some other places. In the generaliiy of cases this conglomerate group was found to present 
a gentie transition from the lower beds upwards ; the pebbles, chiefly of crystalline rooks, after 
their first appearance increasing in number and size till the whole rock becomes a mass of 
small boulders or large pebbles slightly held together by an inconsiderable calcareous matrix. 
The rook is seldom found hard enough to show its own outcrop, and presents the greatest 
difficulty in discovering clear sections, though hills formed of it possess in their nndulating 
pebbly surfaces a characteristic by which the conglomerate can be recognised from long 
distances. 

» 

Associated with thb conglomerate group, and indeed throughout the whole of the 
arenaceous and argillaceous portion of the tertiary rocks of this country, are various beds, 
usually calcareous sandstone, conglomeratic sandstonci or a peculiar findy concretionary calca- 
reous and earthy or sandy rock of a gravelly pseudo^oonglomeratic appearance, often cop^aixiiDg 
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nune or lesa nvmeioasly fragments of bones. In the upper and more oonglomeratb porw 
ticms of the series, these bones are frequently msmmaEsa ; while below^ even to the base^ 
and there associated with Nmnmnlitic, or J^toZtna-bearing, layers, Hko boaes^ rarely in a 
good state of preservation, are believed to be more commonly reptilian, as appears from Major 
Vicary's writings to be the case in the corresponding beds at Subathu.* 

From Mnrreet sonthward^ the genoral stratigraphical stmotore of the hill conntry is 
a suooession of great waves, oommenoing with an anticlinal corvatore close to tibat station, 
the synclinals of the carves, embracing some of the higher strata, form grand vertical clifEs^ 
when largely, oomposed of massiva sanditones bedded nearly horizontally, as axonnd the elevsp 
tioas of Kavor and Nnrrli, very similar to the difib on the Indus at Dangote above Kalabagh. 

Towards Jhelam the curves appear to become softer and more open, and some of the 
highest beds, the conglomerates previoasly mentioned, come in. 

In the vicinity of Murree, and along deeply excavated valleys lying in a general direction 
north of east and south of west, overlooked by the northern slopes of the Murree ridge, the 
lower red tertiary rocks terminate ; one side of these valleys being chiefly formed of the red 
rocks, and the other of contorted limestones and shales, towards which the Murree beds are 
frequently inclined. These are the main or striking circumstances of the positions of the 
rocks, which, however, when examined in more detail, are not found to be strictly limited to 
oppodte sides of the valleys, small portions of the red beds being found in the limestone 
hill slopes, and a pretty constant rib of nummulitio limestone stretching from the Kooldunna 
hole (lying northwards from Murree) along the foot of the Murree ridge westwards by south. 

The rocks on both sides of the junction-valley present the strongest evidence of dis- 
turbanee ; and faults, or lines of displacement, are numerous. Starting from Murree, red and 
grayish sandstones, with imperfect plant-impressions alternating with deep red days, form 
all the slopes in a descen^Ung northerly direction, till the rib of limestone, is reached. On 
both sides of this, calcareous nummoUtic layers alternate with the red beds. And gypsum 
occurs more or less on the Murree side of the rib and close to it. Beyond the rib of strong 
dark limestone red and gray sandstone and clay beds (forming the major portion of Kool- 
dunna. hill) predominate ; and on the ascent of the opposite slopes of the Mochpoora chain, 
gray nummulitio limestone, sometimes crowded with small JRotalina, alternate with dark 
shales. But even here detached longitudinal masses of the red Murree beds lying parallel 
with the prindpal features appear to be faulted deeply into the limestone group. Further 
up on the Mochpoora ridge and beyond it, northwards, Jurassic and triassio rocks appear, in 
the manner shown in Dr. Waagen's paper on the neighbourhood of Khairagully and 
Chumba Peak (the result of a joint examination of the locality with the writer, see Becords 
Geok^cal Survey, Vol. Y, page 15). 

In studying the junction of the more mechanically formed tertiary beds with those 
consisting largdy of nummulitio limestone along the Murree valleys but little value can 
be attached to the distorted dips of the beds ; some traces of a former regular succession 
from the limestones of the Mochpoora ridge upwards into the Murree beds being perhaps 
dightly indicated ; and the present positions of the rocks may be, for all that is seen to the 
contrary, freely and fairly attributed to the united results of folding and faulting; 
traces of the latter being too prevalent for faulted displacement to be exduded from consider- 
ation in the effort to account for the existing state of things. 

Beyond the Murree region westward, the junction of the Murree rooks with the lime- 
stones to the north presents very much the same general character, the gypseous zone being 

• Qaw. Joor. Geol. Soe., London, Vol. IZ, p. 7S, 1868. 

t Koh ]iwi(<.«.,Marimoiut«in|isthonun«of tliia]oeBUi7,thsfthtvingtli«ioiiiidof bcDOoths sdopitoa 
hare of Um commoa phonsUe an4 mon popular spsUinf. 
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tnoeable at intervals in the position first described. The outer limestone rib expands and ia 
flanked by another similar band, the alternation of limestones and Mnrree bed being appsranfly 
prodooed by &nlt8 ; at least it has entirely this aspect in the neighbourhood of Shah Durah. 

Further west a strongly marked line, also bearing the strongest resemblance to a &ult. 
diverges north of Bawul Pindi from the main line of junction in the direction of the 
MarguUa pass, on the Peshawur road. Along it the Mnrree beds are brooght against the 
hill limestones, here including both nummulitic and Jurassic rooks (with perhaps an inter- 
Tening Grstaoeous band). The Jurassic beds contain a veiy marked layer made up of large 
Dnffoma resembling ZW^rofiia V&iUrieota, Kraus, with some smaller forms ; whDe beyond 
Margulla Ammamtei and Belemnites are also to be found. As usual along the contact of 
the limestones and finely detrital rocks, the red Murree beds are often either vertical or 
highly inclined towards the limestones. The actual junction surface, from bdng situated 
at the foot of the hills, is concealed ; and the branch line disappears beyond Margulla, the low 
ground in that direction being heavily covered with detrital deposit and the small hills in 
which the spur from Mochpoora terminates being formed of the nummnlitic and jurassio 
limestones, shales, &o. 

The main line of boundary between the limestones and the Murree group oontinuea from 
the place of divergence north of Bawul Pindi westwards, marked at first by low limestone 
hiUs at the foot of the Mochpoora ridge or spur, which gradually increase in height and 
width, till they form the chain of the Chita Pahar mountains, abutting on the Indus several 
miles southward of Attock, near Nilab G4s1l Beyond this the same feature oontinuea 
westward along the AJ^eedi hills passing just north of Kohat ; on this line also the gypseous 
zone seen at Murree and more largely developed at Tret, as well as lower down in the plains, 
may be recognised at intervals. In connexion with this gypseous zone, and sometimes in the 
gypsum itself, are sulphurous springs, which bring petroleum or mineral oil to tiie surface ; 
this also frequentiy occurs slightiy impregnating the adjacent limestones. 

Along the whole of this line of junction within British territory, from near tiie Jhelam* 
to the Indus and beyond it, the positions of the two sets of rocks furnish nothing decisive 
in the way of evidence to prove which is the older : and in many places the inference from 
dips would be directiy contrary to fact The nummulitic limestones of the hills being, 
however, found in some spots dose to the boundary passing downwards into Jurassic rocks 
(with or without a thin intervening band which may be, but is not here proved cretaceous), 
all doubt of the true position of the red rocks is removed ; and their close assodation with 
oertain layers containing nunmiulites on the south side of the junction fixes their age with 
certainly. 

It will then appear that on one side of the general boundary there are red Murree beda 
containing layers of nummulitic, calcareous, or earthy rock, while on the other there is a 
mass of limestones and shales of nummulitic, Jurassic, and perhaps some of cretaceous age* 
The junction itself presents all the features of a fault or band of several faults, and the 
only reason why it should not be unreservedly accepted as such is that, in the Simla Outer- 
Himalaya examined by Mr. Medlicott, the same tertiary sandstones and clays as occur 
in this countiy have been divided by that gentleman into groups, the boundaries of which, 
having the same general resemblance to lines of fault, are in most cases believed and in 
some are proved by him to be lines of unconformable contact and not of faulting (see 
Memoirs, Geological Survey, Vol. III). 

* The oontinnation of this line in the Talley of the Jhelun hu been recently Been. It makes a sharp bend 
northwards near Kohala, and mns along the foot of the Mochpoora and Husar bills on the right bank of that 
river, crossing the bend of the stream near Moznfferabad in Cashmere. Here it bends to sonth-^easl, following ths 
course of the Jhelam still on the riirht bank, bat far np on the flanks of the KjJ Nsg range to Ooree, where it crosMS 
the riTer and takes % coons along the oater flank of the Peer Pni^al chain. Slates, metainorphle rocks, and 
oocaaionally limestones, are seen in Junction with the red Monee racks, the Una sUll resembling one of Cnilting. 
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There em be litde or no doubt that the red Mnrree rooks are^ or repres e nt, the nnm- 
mnlitio Sabathu beds of Mr. Medlioott» which, in the Simla districts, rest nnoonfonnably 
upon limestones and slates of unknown age ; while in this part of the Punjab nommnlitio 
rocks occur on both sides of the junction. It would be manifestly improper to ignore 
this line of junction and carry the nummulitic boundary across it while it presents so 
marked a feature. Without some palpable local evidence, it would be equally improper to 
indicate an unconformable break in the nummulitic series; but as this might possibly 
exist together with the faulting and displacement which seems to haye occurred, it is 
proposed to express the line upon the map as one'of fault, at least provisionally or until tho 
whole countiy has been explored, with the hope that something further may be found to ex- 
plain the difference between the present aspect of the junctions hero and in the Simla r^ons. 

With respect to iJie other junctions of Mr. Medlioott, showing repeated unconformity in 
the ascending series between his tertiary sub-groups, the difference in this district has to be 
noticed. The description of the rocks would point to their close identity; but in the Simla 
region the succession appeare to have been interrupted ; while here the most apparentiy 
r^ular sequence and conformity has only been observed southward from the limestone 
hills, crossing the oountiy in an east and west direction north of Bawul Pindi; the red Murree 
rocks, dther vertical or dipping at high angles, reach down to tiie latitude of that place, 
interrupted only by a long ridge of nummulitic limestone of the hill type, which, lying 
west by south from the station, appean to occupy a space between two converging lines ^ 
fault. Southward of this the Murree beds pass up (still retaining their high dip) into the 
"^red and gray* series in which tiie first bands of conglomerate appear. In these 
conglomerates, notwithstanding the parallelism of the beds, are enclosed limestone pebbles^ 
proved by the small NwmmtMet which they contain to have belonged to that formation ; 
but where the break occura during which the denudation of the older rock took place it ia 
at present impossible to say. 

Above the 'red and gray' rocks come othen with more of orange colour in the days; 
and these pass up, as already stated, into the conglomerate group. The upper portion of 
the series in the neighbourhood of these comglomerates has been identified ftom, its fossil 
bonee with the Sivalik group by the late Dr. Falconer (paper by Mr. Theobald on the Salt- 
Bange : Proceedings, Asiatic Society, Vol. XXIII, 1864, page 677). So that in this district the 
Subathn and Sivalik groups of the Simla region may be considered present; while many 
of the intervening rocks would answer to the description of the Nahun beds of 
Mr. Medlioott The peculiarity of the frequentiy interrupted succession in that region, 
oontnsted with that almost complete sequence here, would indicate considerable difference in 
the physical causes which affected the deposition of the tertiary rooks in one region aa 
compared with the other. 

It is difficult to estimate the thickness of these sandy and earthy tertiary rooks in 
oonsequenoe of the numerous contortions, and the all but positive certainty that in many 
places, where the beds are apparentiy steady at high angles or vertical, the arehes of numerous 
folds are concealed. The fact of this contortion impressed Mr. Ljrman (Report on the oH 
regions of the Punjab) with the idea that the thickness of the whole was much less than 
it would appear. But while it is of course possible, it is at the same time not easy to 
imagine, all these contortions lying exactiy so that the plane (or approximation thereto) 
of the surface of the country should intersect them without exposing either recognisable 
repetitions of each group or some of the next underlying strata. The absence of these 
cases seemed to point to an enormous accumulation of the beds, notwithstanding theb con- 
volution ; and this is rendered more probable firom an observation lately made in the Jhelam 
valley within Cashmere teoritoxy, where part of the red Murree group, dipping regularly at 
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an aiigl« 6F 46*> was e^ttmated to ha^e a tlndtiMM, on the flabln oC tiie Kyj Na^ rvof^ of 
about one and a lialf miles. The dip in thia eaae abo was (obltqaely) towsivds the a^aoenl 
<44er rooks. 

Besides tiie tertiary oonglomerates previoasly desciibed, there is another veiy exUnsiTe 
group of more reoent age, the pebbles in whieh are largely composed of limestone*; it b yoy 
well developed about Bawnl Pindi, and spreads unoonfcMrmably over great tracts ef the 
eountiy, alternating witili drab or pale pink or red or purple brick-clays, and firequently sb- 
sociated with calcareous tufa or calcareous conglomeratic solid massive beds called by the 
natives ' Koonjoor* The basal part of this cpxmp in immediate contact witk the tertiaiy 
sandstones is often formed of strong beds of calcareous tu£s or travertin. 

These conglomerate and clay rocks are at present considered lacustrine, or ftimed hjr 
waadsring river action ; and their boundaries, if shown upon the maps, will be cxtvemely 
intrioate, as they are often cut through by the Bullahs exponng the focks beneatii. 

The superficial covering of the country is largely derived from the clays of tliis 
group ; and where clays, shales, and such soft rocks abound, there is no lack of material to 
form a frequently thick deposit^ the result of atmospheric action. 

Sbivuggitb, *) A. B» WYNNE. 
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CoiX iir India, by Thio. W. H. Hughbb, c. k., t» o. s., AMtoeiate^ B^yai Sekoti ^ 

JlffHOf* 

I trust it win not be uninteresting to the readers of the Records of the Geologiest 
Survey to have placed before them a few brief remai^ks which will tend to widen the soopt 
of their knowledge with respect to oar Indian coal-fields, and enkble them, when the subjed 
of coal is discussed, to uphold the claim which India enjoys to rank amongst the great coal- 
bearing areas of the world. It will doubtiess surprise many to leam that both in the 
superficial extent of its coal measures and associated rocks, and in the actual amount of iti 
coal, India is surpassed by few countries ; and that with respect to the siie of seme of its 
seams it stands pre<eminent in the literature of mining. 

Even that land of monstrosities and natural wonders, the United States of America, can 
•xhibit nothing to compare with the gigantic seams of the Hengfr and Dam^i eoal-fields^ 
some of which are one hundred and sixty, one hundred and twenty, and a hundred feet thick. 
These figures of course do not imply that there is this amount of pure ooal ; the term seam is 
used in its technical sense» as embracing the whole sum of cosl and partings in a givw bed. 

Until within the last few years the information regarding our coal-fields was scanty 
and imperfect; but of latci the action of Grovemmdnt aikd tiie Idiwuxs 6f the Gsolcgical 
Survey have been more in accord with the requirements of the eonntry ; and the result is 
that, although our data are still far from being complete, yet we can form an approxiBists 
estimate (which may be aooepted as a nudeus for future computations) of the area of our pro- 
bable coal supplies, their geographical position, and the quality of fuel which they can yisld. 

And in the first place with regard to our probable coal suppties, it becomes more and 
move important* in the &os of the steadily increasing price of SngHsh coal, to ettqnirt^ 
whetiier India wiH be able to fumieh the ftiel so essential to the Ibrther devoiop' 
ment of those industries whieh the energies ol EngUshmen have in some instanoei 
ereated and in other oases fostered to a maturer growth. In answer to this ^estkm, around 
whioh centres the chief interest in this article, I tiiink it will be suflbsient if the reidtf 
g^aace at the solgoined table of sqems to feel satisfied on this pmni 
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The same method of calculation has been acted apon in regard to India, in the deter- 
mination of the superficial extent of its coal-bearing areas as that applied to other 
countriies, and the length and breadth of the tracts over which coal rocks mat/ be presumed 
to extend have been multiplied to give the number of square miles. 

Taking the coal-fields already partially and in whole examined, and allowing for the 
unsnrveyed portions of Central India, Assam, Burmah, and the Tenasserim province, &c., 
we may safely assume 35,000 square miles as being within the mark. 

In order to show how these figures are arrived at, I append the following table. 
Besides, however, enumerating the different Indian areas, I have added a list of such 
countries the areas of which I have been able to compile from various sources of reference ; 
and I hmre also noted the countries in which coal is known to occur, but concerning which 
there is no knowledge of the extent of their cool measures. By thus enlargening the table, 
I hope its usefulness for the purpose of comparison will be increased : — 

Table qf Areas, 



Nsme of coontry. 




Area in aqnare 

miles over which 

coal-rocka may 

be presumed 

to extend. 


India 


• ■• 


• • ■ 


36,000 


United States 


••• 


■ ■• 


600,000 


Orfns ... 


a*« 


• •• 


400,000 


Amtnlim... 


• •• 


• ta 


M0,000 


fioada ... 


••• 


• •• 


160.000 


India ... 


• •• 


• • • 


36.000 


firitiah Amarics 


• •• 


• *• 


18.000 


Gnat Britain 


• •• 


■ •• 


12,000 


Spain ... 


»■• 


k • • 


8,000 


J»pan 


• «• 


• •• 


6,000 


Gennanj ... 


• ■• 


• •• 


3,000 


ftwce ... 


• «• 


• •« 


2,400 


Aoatria ... 


«*• 


• ■• 


2.000 


Wpum ... 


«•■ 


• • ■ 


520 


Trinidad ... 


«•> 


• • t 


318 



RKXA.BJC8. 



Tkit mUtage i$ made up a» /oUom$ : — 

GodlKrari area (inclading its affloents) ... ... 11.000 

Son ... ... ... ... ... 8,000 

Sirg<g4h and Gangptir area ... ... ... 4.600 

Aasam ... ... , ... ... ... 3,000 

Narbadi area (inelading ita afflnenta) ... ... 8,600 

DamAdlS... ... ... ... ... 8.000 

! immabtfl area ... ... ... ... 900 

Unaurrqrad and oncompated areas ... ... 2,70u 

Square miles ... 36,000 



The productive area of ooal is mnch lesa. Professor Hitchcock 
estimates the area of the true -carboniferous sjatem at 
230,669 aquare milea. 

Thia estimate is not thoroughly reliable, but It la certain that 
there ia an enonnoua coal-bearing area in China. 

In New South Wales, the coal area is aaid to be 120.000 square 
miles. In Queensland the same area la snppoaed to exist. 

Thia area is probably far below the real extent of the Bnaaian 
coal-formation. 



Mr. Hull giTca 6,431 square miles as being atored with ooal 
to a depth of ^000 feet. 

This estimate ia vague. Some authorities give 4^000 square 
milea, and othera ^000. 



By Germany is meant all the German-speaking proviacea, 
except those under Austrian rule. 



Somp of the Austrian brown coal seams approach the Indian 
seams in thickness. 
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Borneo ... 

Brazil 

Cape Colonic 
Denmark ... 
Falkland Tslonda 
Greece 

New Granada 
New Zealand 
' Persia 
Portugal ... 
Zambesi ... 
Zanzibar ... 



The coal of Labnan is reported to be of good quality, and Tery ftii* coal oeem 
in the Sarawak territory. 

There are large coal-fields in this splendid conntry. 

There la coal in this as in so many other dependencies of the English crcmi. 

Onl J a small quantity of coal is raised in the island of Bomholm. 

These islands contain coal. 

Lignites hare been worked at Koumi. 

The coal of this country is said to be cretaceous. 

The calculated amount of ooal in New Zealand is four thousand millions of torn. 

A large area of coal is stated to occur. 

A small coal-field exists near the mouth of the Donro. 

This coal was brought to light by LiTingstone. 

Some coal, said to be Zanzibar ooal, was analysed by Mr. Tween, of the Geological 
Surrey, and gave— 

Carbon ... .. 42*4 

Volatile matter ... 80*4 (moisture 4 per cent) 

Ash .M ... 27*2 



lOO-O 



The geographical positions of most of our fields have been already indicated in the 
" Coal Resources of India" compiled by Dr. Oldham and published in 1867. It was pomtpd 
out in that work that a chain of coal-fields extended across India from near Calcutta to the 
Haidrab&d Assigned Districts (the Berars), lying within the 20° and 26° parallels of 
north latitude ; that other fields occurred in the valley of the God4vaii and its affluents, 
and that throughout Assam, Burmah, and the Tenasserim province there were deposits 
of coal. 

Some of these fields lie in the ronte of direct railway communication between 
Bombay and Calcutta, and of course would prove useful sources whence to draw fuel. Bat 
the geographical positions of others again are such that they will probably not answer any 
useful purpose for many years to come. 

The quality of Indian coal is usually denoted by the a^jectivA had^ but I believe this 
word has been too freely used. The average of Indian coal is certainly inferior to 
that of English ; but there are many seams in the lUniganj field, and more notably 
one or two in the Karharb&ri field, which yield very good ooal indeed. Much of the Assam 
coal is said to be excellent. And it is justifiable to entertain the idea that if our fields had 
been more extensively opened out and worked to a greater depth, coals would have been met 
with of a quality sufficiently good to make us cautious in regard to the indiscriminate use 
of the word bad. Several attempts have of late been made on one of the short lines of the 
north of England to bum inferior coals in the locomotive engines ; and I have been informed 
by a gentleman personally interested in the matter that the experiment in which he was 
concerned proved very successful. The principal modifications of existing arrangements are, 
I believe, in connection with the grate and draught, but there are minor ones with which 
I am not acquainted. Nearly the same amount of work, it is stated, was done by the inferior 
coal as is at present done by the best locomotive coal. How important these practical 
experiments are in respect to India no one will deny, and I hope the day is not far distaut 
when we shall profit by them. 

Chandah, 



\st January 1873 



. 
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Oh the Salt-sfbinos of Pbou, hy William Theobald, Oeological Swvey of India. 

Prior to the oocapation of Pegu bj the BritiBh, a considerable manufacture of salt was 
carried on inland, from the somewhat feeble brine springs, which are so plentifully distributed 
throughout a large portion of the valley of the Irrawadi, more particularly along the eastern 
akirts of the Arakan range in the districts of Myanoung and Henzadah. Of late years, this 
manufacture has to a great extent ceased, and is now merely practised on a yeiy reduced 
scale at a few spots, to supply strictly local requirements. The decay of this industry arises 
from the abundant supply of the article, now procurable, manufactured in the delta* from 
sea- water ; and we may expect this sea-salt entirely to supplant that manufactured from the 
springs, as the system of traffic and barter, by means of itinerant traders, enlarges more and 
more, and the facilities for obtaining the cheaper article become greater, and, therefore, more 
appreciated. Even now, many spots are pointed out, from which salt was formerly obtained, 
bat at which the precise locality of the wells, long since faUen in, has been forgotten, and 
every year makes it more difficult to gather information on this point, as the action of the 
seasons and the growth of vegetation combine to efface all traces of former workings. In 
some places skirting the hills, the plough now passes over ground where salt-wells formerly 
existed ; and hence it is mainly in the localities where massive timbering was employed' to 
support the sides of the weUs that we can best judge of the number and importance of the 
old workings. 

The wells vary in shape, being either round or square, usually the latter, from the greater 
&cility of timbering the sides ; whilst some are litUe better than rude excavations or enlarge- 
ments of an original cavity, sufficient to permit the accumulation of the brine for conve- 
nient removal. Others again are sunk 10, 20, or 30 feet, and have their sides roughly, 
though effectively, supported by stout planks. In some instances {e. g., Hlahndeng and 
Kadeng-mah-ngo), these planked wells are sunk to a small depth in the bed of a stream, and 
during the monsoon become filled with sand, gravel, and fresh-water, but on the season for 
active operations commencing in the cold weather or towards its close, it was customary to 
clear them out, when the brine would be found, occupying its own place, a short distance 
below the ordinary level of the bed of the stream. 

The strength of the brine is variable, being often only feebly saline. This probably 
depends on admixture with surface water, as the strongest noted was yielded by the 
Sadwingyee spring, which was also most copious, and consequently the least obnoxious to 
admixture with surface water, which may be supposed often to affect the more feeble and 
sluggish springs. I may here remark that, though usually spoken of as brine springs, 
these springs are, in the great majority of instances, hardly entitled to the designation, 
having scarcely any flow. In the case of Sadwingyee, there is a copious spring. In the 
case of Nummayahn and Sahngyee there is a perceptible flow, and no more, accompanied by 
a somewhat copious evolution of marsh-gas, which keeps the pools turbid and in a state of 
constant ebullition. The more usual mode of occurrence of the brine, is among crushed or 
disturbed strata, especially harsh dark shales, in which the brine occupies cracks and pockets, 
and, on a well being sunk therein, trickles into it from the surrounding strata, but without 
causing an overflow. Mr. W. T. Blanford, in a memorandum on the salt-wells of the 
district of Henzadah (May 1st, 1861), points out thirteen different localities, the richest 
being that at Sadwingyee, which indeed may be regarded as the richest in the province, 
and of which I here quote his account. 

" The appended list specifies thirteenf different localities in the district of Henzadah 
at which salt is known to have been woVked. Of these, only three were at work at the time 



* IroporUd EogliHih salt, is now competing witli the coantry-uade article. 
t No*. 63 to 00, 71 to 74.79. 
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of my viBit, the principal of which was Sadwingyee, the spring at which place is prohahly 
one of the most prodactive yet known in the r^on. The flow of water in the well was 
carefully meaiared hy my fellow assistant, Mr. Fedden, and found to be 57*15 gallons per 
hour, or about 1,370 in the 24 hours. By a rough experiment the water was found to coo- 
tain 4,704 grains of salt to the gallon, so that the quantity of salt daily yielded by this 
spring amounts to 920 lbs. avoirdupois, or 8 cwts. 24 lbs. 

" Few springs probably yield so largely as Sadwingyee, but it was not found practicable 
to ascertain the quantity procurable from any other. The water is so salt that it can be 
evaporated at once without previous partial evaporation by the sun. It is boiled down in 
large iron pans, placed in twos or threes, over an earthen fire-place, the method being some- 
what similar to that employed in India for evaporating the juice of the sugarcane." 

The pans mentioned in the above paragraph are shallow, extremely thin cast-iron pans, of 
English manufacture, of about 30 inches in diameter, and principally used in the preparation 
of the common 'jaggery' or unrefined sugar from the juice of the 'date,' 'fan,' or other 
palms. Earthen pots are also used for concentrating the brine, of an oval shape, witii sides 
nearly an inch in thickness, and capable of holding between 3 and 4 gallons. In the delta, 
where salt is habitually made from sea- water, a somewhat different arrangement is adopted. 
A circular oven of brick is constructed, something like a large bee-hive, with holes at intervals 
to receive the oval earthen pots above described, to the number, perhaps, of as many as sixty 
in one oven, the ultimate concentration being, I believe, in the ordinary shallow iron pans, 
though this is probably a recent innovation. 

The distribution of these springs is as follows: — Of 79 localities recorded in the accom- 
panying table, 21 are situated within the area occupied by the newer tertiaiy strata of the 
province, of miocene age ; 9 within the much narrower belt of country formed of unaltered, 
and comparatively slightly disturbed, nummulitic rocks ; whilst most of the remaining 49 
localities form a conspicuous band along the outer hills, ou the eastern side of the Arakan 
range, among altered rocks, grouped comprehensively under the term Negrais beds, of, in part 
possibly, nummulitic age likewise. 

No salt springs are known to me on the western side of the Arakan range, or on the 
eastern side of the Pegu range. The whole are, as far as is at present known, confined 
to the Irrawadi valley; though future exploration may possibly show that this remark 
only holds good within the area to which it more immediately relates. 

The most easterly springs are those of Kadeng-mah-ngo and Pyeng-mah-choung, 
fifly miles to the south of the former, distant, respectively, sixty-seven and seventy miles 
from the Arakan range, and thirteen and eleven from the Pegu range, measured at right 
angles to theirgeneral direction. Seven miles south of the Pyeng-mah-choung springs 
occurs the spring of Toung-ngo, rising on the same north by west line of strike, and being 
accompanied by a copious evolution of marsh -gas. The Toung-ngo spring rises on a liiie of 
disturbance, as shown by the crushed and indurated character of the sandstones in its vicinity, 
and the lesser frequency of springs along this most easterly line of their occurrence may be 
partly attributed to the greater thickness of the newer strata, which they would here require 
to pierce before reaching the surface ; and, partly, to their presence not having been so sed- 
ulously sought after by the natives, owing to the lesser demand for salt at such a distance from 
the river or lakes, yielding the great bulk of the fish from which the national g^a-pee or 
fish-paste is prepared. Hlahndeng spring probably belongs to the same system, though 
situated a little off the direct line on which the others rise. 

The second line of springs is that of which Nummayahn is the most important, and 
runs in a direction north by west, distant, respectively, thirty-two and forty-six miles from- 
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the Ankan and Pega ranges. The On-nay-da-gyee spring near the frontier lies almost 
ezacUy on tliis line, which, if consilered as one line, measuring from On-nay-da-gyee to 
Waddan-tha, is sixty-three miles in length, with a general coincidence of direction with 
the hill ranges bounding the valley. 

On this line likewise is situated the spot known as Naht-mi or '' the spirits fire," thirty 
miles north by west from Nummayahn, and which is merely a spot in the jungle from which 
marsh-gas issues through cracks in the soil, and becomes, from time to time, either intentionally 
ignited or aoddentally during the prevalence of jungle fires. Above Nummayahn, in the 
river bed, there is considerable disturbance, as evinced by vertical strata, and it seems probable 
that all the springs of this group rise along one and the same line of fracture, probably 
a highly contorted anticlinal, though this may not be indicated by the appearance of the 
rocks at the surface, at the actual point of issue of the springs, which may mainly depend 
on local conditions, surface arrangement, denudation, and the like. 

A little west of this line occur other springs (Nos. 8, 21, 9), which may or may not 
issue primarily along the same subterranean line of disturbance or fracture ; but this is neither 
material nor possible to say. 

Associated with this system of springs may be classed the Bool ay, Laymyoung, and 
Tayzahn springs* The Boolay springs were simple wells sunk in sandstone at the mouth 
of the Boolay stream, but which have been long disused. The Laymyoung spring rises 
on the top of a low ridge forming mud pools from which a little marsh-gas escapes, much 
after the fiuhion of the Nummayahn springs, only much more feebly. Near the mouth 
of the Boolay stream, above where the road crosses, and close to the village of K wonboolay, 
oecnrs the only hot spring known to me in Pegu, but it rises in the bed of the river, so 
that its temperature cannot be well ascertained, and sometimes it is entirely concealed 
beneath the sand. 

The third line of springs is by &r the most important, embracing probably several 
closely arranged parallel Hues; and if we assume theSahngi spring on the frontier to 
belong to this group, this line would seem to follow a curve, generally corresponding with 
that followed by the Arakan range. The Sahngi and Day-beng springs are situated in a 
line thirty-four miles long, with a general bearing north-west by north, with the Lengbhan 
and Shuagyeing springs a little on either side of it, and distant seventeen miles from the 
Arakan range- From Day-beng to Shah-si-bo the line is forty- two miles, with a bearing 
north by west, distant fourteen miles from the Arakan range, and marked by a perfect 
belt of salt springs. From Shah-si-bo southwards, the springs are rather more scattered, 
and run in a direction almost due south, the most southerly one recorded. No. 79, being 
one hundred and twenty-four miles in a straight line from the frontier spring of Sahngi. 

This rich belt of springs is situated among a group of harsh dark indurated shales 
and sandstones ; the induration being variable in amount, and never approaching metamor- 
phism, properly so called, within the area immediately adjacent to the salt springs in 
question. Few or no fossils have been found in these rocks, certainly not within the above 
area, but their relation to the unaltered rocks of the district lends support to the view of their 
being possibly of nummulitic age. 

In view, then, of the occurrence of these springs most numerously along lines corres- 
ponding to the general strike of the beds of the district, and of the direction, moreover, 
of the twin ranges which bound the Irrawadi valley ; and having regard to the indica- 
tions of compression and violent disturbance which the rocks in their vicinity often 
display ; in view, too, of the association with them, on the same lines of strike, of the 
only hot spring in the province, and of spots whence issue both petroleum and marsh-gas, 
we may fairly assume that they rise along widely extended lines of disturbance, (anticlinal 
fissures most probably,) from the lower beds of the nummulitic or some still older group. 
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It may here be remarked that whereas the only known petroleum k)calities lie wifhin 
the area of unaltered nummulitic strata, or of the newer Tertiariea, yet the greater number 
of salt springs lie below this horizon among the altered and presumedly lower members of 
the same group ; a point which, if definitely established, as it seems to be, as far as regards 
the area hitherto subjected to examination, will not be without an important practical 
bearing in searching for petroleum, inasmucb as there is an idea prevalent that the presence 
of brine springs in this region is per §e indicative of the existence below of the more 
valuable mineraL Having mgard to the circumstances under which the mineral oils oocnr 
in America, there is nothing unreasonable in the supposition of a similar connexion existing 
between the brine springs and oil in Pegu, as is found in the new world— an idea strengthened, 
moreover, by the existence in the same districts of both oil and brine ; but, as I have already 
pointed out, there seems no good reason for believing that, in Pegu, the same connexion be* 
tween brine springs and oil exists as in the American oil-fields. On the contrary, it would 
seem that the reverse of what occurs in America is to be anticipated here. In America 
the connexion between the oil and brine is an established fact ; the first petroleum obtained 
by bor ng having been accidentally obtained in 1819 " in sinking wells for salt in the little 
Masking^m river in Ohio,'* (£mi, " Coal-oil and Petroleum.") In Pegu, it would seem as 
though, if in sinking a bore, a copious brine spring were struck, this would probably indicate 
that the boring had penetrated to a horizon below that wherein the mineral oil was pro- 
duced. In Pegu, as in America, the oil may rise to the surface with the brine, as the 
horizon of the naptha$ifenic beds is higher than the sources of the brine, which is not the 
case in the American oil-field. But the non-association of the two in Pegu may, I think, 
be legitimately inferred from the &ct of no indications of petroleum being known wifhin 
the belt of rocks wherein tho most numerous brine springs rise, as would hardly fail to be the 
case were the origin of the brine and petroleum in one and the same group of beds. That the 
co-existence, too, of brine springs and petroleum in Pegu is rather a fortuitous than a connected 
phenomenon ( as it would seem to be in America,) is to some extent borne out by the fact 
of petroleum occurring in the Puigab in connexion with rocks of the same geological age ' 
as in Pegu, but without the accompaniment of brine springs, as in that province ; so that 
our present experience may be summed up with the assertion, that whilst a copious dischai^ 
of brine and marsh-gas may not be without value in determining a site for sinking for 
petroleum, in ground occupied by rooks of the upper portion of the nummulitic group or any 
rocks above that horizon, yet the same indications are not to be relied on as of equal 
promise, within the area occupied by rocks lower in the series, or of greater geological age. 

It only remains to add a few words explanatory of my classing these altered or hill 
rocks as ' Negrab beds,' or possibly nummulitic in part, after having, in my recent paper on 
tho * Axials in Western Prome,' included them in that group. When writing that paper, 
the age of these hill-rocks was quite problematical, and beyond the general absence of 
fossilft in the limestones and the mineral character of the beds, so different from that of the 
recognised Nummulitics, there was little or no evidence to which group they should be 
assigned ; and the balance seemed to tend towards their union with the older or axial group. 
During the following season, however, (1870-71), I accumulated evidence, of an opposite 
tendency, not only by a more extended examination of the gi'ound occupied by them, but I 
had the gOf>d fortune likewise to detect Nummulites in one of the outcrops of limestone, alluded 
to by me in note at page 38 (loc. cit.), which I had not previously had the opportunity of 
visiting, thereby demonstrating the relation of a portion at least of these hill rocks, of 
hitherto uncertain age, with the newer nummulitic group, in spite of their often excessively 
changed character, rather than with the older Axials, with which they had been previously in- 
cluded. I must defer, however, a discussion of this question for another occasion. 

Calcutta, ) W. THEOBALD. 
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I append a list of springs, a great nomber of which are not included in the published 
map of the province. I have therefore spelt the whole on a uniform system as given below, 
adding the mode used in the published map, where it differs from my own. I have endea- 
Yoored to convey the sound, so that the word cannot be mis-pronouuced through ignorance 
or ambiguity. The system is that already adopted in the naming of a very extensive collec- 
tion of Pegu woods presented to the ' Phayre Museum', Bangoon* 

Burmese names spelt on the following system : — 



a 


as 




a in 


mot 


cat 


ah 


tf 




a „ 


father 


ak 


y 


>f 




^ » 


stn 


syncopy 


ei 


» 




i » 


n/le 


neither 





»> 







pot 


lot 


oa 


V 




„ 


pope 


soap • 


u 


If 




u 


t«b 


m«d 


00 


M 




u 


Itfuar 


stoop 


«y 


» 




a 


patient 


stay 


e 


>9 




e „ 


S6t 


met 


• 


rl 




e „ 


impede 


concertina 


eio 


n 




e „ 


few 


new 


There is no / in 


Burmese, 


*p 


is its nearest representative ; g is 


always hard. 
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fiSPOBT SpBLLIHO. 



Map Shlliko 



1 Hlahn-deng 



a Kadeng-mah-n 



... , Ulaudeog' 



3 



Pyenmah-cboung Pyengmakhoung 



4 TouDg-Dgo 

8ahn-gi 

6 Hpoongl ... 
7 

8 Oan-nay dah-gi 

9 Ki^elDg. 

Boolay 

1 Lay-myoong 



S 
3 
4 

6 

6 

7 

8 

9 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 



30-36 
36 
37 
38 
39 



Taysahn ... 

LeDg bahn 

^bttay-gyeng. 

Day>beng. 

Nyonng-kein. 

Yatbaya ... 

llaengabn. 

Oat ).bo 

Nam-may-abn 

Pyonk-biiiabt. 

Pay-goan. 

Tnah-thyt-koan. 

Tboan-na bonng. 

Woddau-tbab. 

fibooyo. 

Hnetwab ... 

Kahngu cboung 



Sangyee 
... PwoDfcyee. 

On nay dagyee. 

UbweUlay 

... Let myoong 

Taxan. 
... Leng bban. 



(38) (38). 
Zigoan-cbouog. 

Toung-myoak cboung. 



Ot pho. 
Namayan 



BSIKABKS. 



One and balf mile west of tbe Tillage. Sereral wella hi the 
rooky bed of a atream, and a few more a tittle to the eaitward. 

Sereral wella in a tmall itream ninning Into \ht Khyonng- 
k bonng. 

Two springB or puddlea a little wi^ apart. 



A atronff apring with mnch manh-gaa eacaping. Water very 
nanseous. 

Several sprinm with a coplona erolntion of manh-gaa, bat 
a feeble diacbarge of brine. 



Several wella annk in eandatone on tbe north bank near the 
mouth of tbe Doolay-cboong. 

Springs Inne feebly on tbe top of t small hill, with a little 
marah-gas. 



... Several wells about one mtle south by west from the Tillage. 



SeTeral springs, rather feeble, bat with a considerable ero* 
lotion of inanb<«as about half a mile south-east of town 
on rising gronnC 

Nos. 21 to 26 all rise along the west side of the tange of 
bills running down behind Prome in • sonth-eaiieriy 
direction. 



Sereral woUs. 

Tbe brine hero rises in a sort of pocket formed by a cniibod 
anticlinal, and we bsTe here probably eiemplifled tbe 
manner in which most of tbe springs reach the surface, 
along lines rendered perTious by extreme folding, and the 
disruption of tbe lower beds. 
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NO0. 



BxpoBt SrBLUva. 



M4r Spbllxv*. 



47 
4B 
•10 
60 
51— «3 
M&66 
66 
67 
68 
69 
60 
61 
61 
63 
64 
66 
66 
67 
68 
60 
70 
71 
72 
78 
74 
76 
76 
77 
78 
79 



Hlay-gn ... 

Kamyeoff-choang. 

Shaaybaodan. 

Kweng-blAh. 

Oashyt-Kweng. 

Thmyetaahn. 

Paybeng-goan. 

C3iin*iiah>gi. 

Sayay-kweng. 
Shah-Bi-bo. 
Kwaj-mah ... 
Khyon khya 
Hfli-floan. 

Tsahnda-choTing, Jf. 
Ditto, 8. 

Piah-boan. 

Boodalet. 

Mionng. 

Sabdwyngi 

Adwynzyn. 

Kayahndwyu. 

Minabgwyn 

Kway eboaog kweng. 

Tbayet-goan. 

Wnddaw kweng. 

Hlay goan. 



BllCABXB. 



Tbeae aeTen localities embrace many weUe ranged in a line 
one and balf miles long. Tbey are now mostly abandoned. 



There are some six wells here. 
... . The brine of Nos. 63, 61^ uid 66 said to be very salt 



This is the most oopions and important spring in Pegu. 



There is a cluster of some thirty wells here within a mile of 
this. 



N08. 63, 64, 65, 66, 67, 70, 71, 72, 73, 74, and 79 had been already examined and fixed by 
Mr. W. Blanford. The great majority of the remainder have been visited by myself, whilst 
many of them have been independently examined by Mr. Fedden likewise. It mast not, 
however, be supposed that the above list exhausts all the localities where brine may possibly 
occur, but only attempts to give as complete an enumeration as possible of the sites where 
salt has been formerly extracted. 



74 Records of ike Oeologieal Sun-ey of India. [vol. ti. 

DONATIONS TO MUSEUM. 
Fbom IsT Apbil to 30th Jukb 1873. 

Afbil 25th. — Db. Hbkdbbson. — Two specimenB of Limestone and Sandstone firom the 

north slope of the Korakoram Bange. 
JuNB 10th. — Grovernment of India throngh A. W. Sampson, Esq., Under Secretary. 

Specimens of Earth-Oil collected by B. L. Smith, Esq., from the 

Punjab. 



ACCESSIONS TO LIBRARY. 

Fbom Ist Apbil to SOth Jukb 1873. 
litleg of Books. Donors. 

AussBT, DoLLFUS.— Mat^riaux pour TEtude des Glaciers, Vol. I, Part IV, (1870), 8to., 

Paris. 
Austin, Jambs G. — A practical treatise on the preparation, combination, and application of 

Calcareous and Hydraulic Limes and Cements, (1862), 8ro., 

London. 
Blakb, Wm. p. — Notices of Mining Machinery, (1871), 8vo., New Haven. 
Desob, E., bt Lobiol, P. db. — ^chinologie Helv^tique. Description des Oursins Fossiles de 

la Suisse, with AUas, (1868-72), 4to., Paris. 
DuPONT, E. — L'Homme pendant les Ages de la Pierre dans les environs de Dinant-sur- 

Meuse, 2nd Edition, (1872), 8yo., Bruxelles. 
Febousson, Jambs. — Rude Stone Monuments in all Countries ; their age and uses, (1872), 

8yo., London. 
Fbitsch, Db. Anton. — Cephalopoden der Bohmischen Kreideformation, (1872), 4to., Prag. 
Fbouentbl, E. db. — Introduction a I'^tude des Polypiers Fossiles, (1858-61), 8vo., Paris. 
Habcoubt, Capt. a. F. P. — The Himalayan Districts of Eooloo, Lahoul, and Spiti, (1871), 

8vo., London. 
Leayitt, T. H. — Facts about Peat as an article of fuel. (1867), 8vo., Boston. 
Materiauz pour la Carte G^ologique de la Suisse, Parts 6 to 9, and 11, (1869-1872), 4to-, 

Berne. 
Meunieb, Stanislas. — Cours ^l^mentaire de G^ologie Appliqu^e, (1872), 8vo., Paris. 
MoBFiT, C. — A Practical Treatise on Pure Fertilizers, (1873), 8vo., London. 
Obmathwaitb, Lobd. — Astronomy and Greology compared, (1872), 8yo., London. 
Palmibbi, Pbop. L. — ^The Eruption of Vesuvius in 1872, (1873), 8vo., London. 
Reports of the United States Conmiissioners to the Paris Universal Exposition, 1867, 

Vols. I— VI, (1870), 8vo., Washington. 

Dept. op State, Washington, D. C. 
The Coming Race, (1871), 8vo., London. 
Voot., Cabl. — Lehrbuch des Geologic und Petrefactenkunde, Band II, Lief. 1 — 3, (1871-72), 

8vo., Braunschweig. 
VosB, G. L» — Orographic Geology, (1866), 8vo., Boston. 

PERIODICALS. 

American Journal of Science and Arts, 3rd Series, Vo!. V, Nos. 26 to 28, (1873), 8vo., 

New Hayen. 
Annales des Mines, 7th Series, Vol. II, Liv. 6, (1872), 8vo., Paris. L' Admins, dbs Minbs. 
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Titles of Soaks. Donors. 

Annals and Magazine of Nataral History, 4th Series, Vol. XI, Nos. 63 to 65, (1873), 8vo., 

London. 
Blochmakn, H. — Bibliotheca Indica, New Series, No. 275, Ain-i- Akbarf , Fasc. XVI, (1873), 

4to., Calcutta. Govebnmbnt of India. 

CoBA GniDo.— Cosmos, No. II, (1873), 8vo., Toriuo. 

Thb Authob. 

Geoli^cal Magazine, Vol. X, Nos. 3 to 5, (1873), 8vo., London. 

Indian Economist, with Agricultural Gazette, and Statistical Reporter, Vol. lY, Nos. 8 to 10, 

(1873), 4to., Bombay. Goybbnhbnt of India. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science, 4th Series, 

Vol. XLV, Nos. 299 to 301, (1873), 8vo., London. 

Neues Jahrbuch fiir Mineralogie, Geologic, und Palseontologie, Jahrg., 1873, heft 1-2, (1873), 

8vo., Stuttgart. 

Paleontologie Fran^ise, 2nd Series, Vegetaux. Terrain Jurassique, liv. 1-9, 8vo., Paris. 

Petbbmanx, Db. a.— Geographische Mittheilungen, Band XIX, Nos. 1 to 4, (1873), 4to., 

Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. 11, No. 8, (1873), 8vo., Roorkee. 

Thomason Collboe. 

Quarterly Journal of Science, Nos. 37 and 38, (1873), 8vo., London. 

GOVERNMENT SELECTIONS, Ac. 

Bekqal. — Gabtbbll, Col. Jambs E., and Vanbbken, Col. D. C. — General Report on 

the Revenue Survey Operations of the Upper and Lower Circles 
for 1871-72, (1873), flsc., Calcutta. 

Thb Subvey. 

Bombay.'— General Report on the Administration of the Bombay Presidency for the year 

1871-72, (1872), 8vo., Bombay. 

Bombay Goybbnment. 

Selections from the Records of the Bombay Government, No. 130, New Series, 

Papers relative to the introduction of revised rates of assessment 

into part of the Niphar and Ch&nddr T41uk^ in the Nasik 

Collectorate, (1872), 8vo., Bombay. 

Ditto. 

Bbitish Bubmah. — Report on Hospitals and Dispensaries in British Burmah for 1871, 

(1873), 8vo., Rangoon. 

Chief Commisbionbb, Bbitish Bubmah. 

Hydbabad.— Saundbbs, C. B. — Administration Report by the Resident at Hydrabad, includ- 
ing a report on the Administration of the Hydrabad Assigned 
Districts for 1871-72, (1872), 8vo. 

Residbnt, Hydbabad. 

India.— Annab of Indian Administration in 1871-72, Vol. XVII, part 1, (1873), 8vo., 

Seramptir. 

Goybbnmbnt of India. 

Government of India: Civil Budget Estimate for the year 1873-74, (1873), flsc. 

Calcutta. 

Ditto. 
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Titles of Boohs. Donorjf. 

India.— List of Civil Officers holding^ gazetted appointmentB under the Government of 

India in the Home, Foreign, Financial, and Legislative I>epart- 
ments as it stood on the Ist July 1872, (1873), 8vo., Calcutta. 

Government of Ihtha- 
„ Selections from the Records of the Government of India, Foreign Deportment, 

No. 100. Beport on the Political Administration of the Rajpootana 

States, 1871-72, (1872), 8vo., Calcutta. 

Dirro- 

Truillikb, Colonbx. H. L. — General Report on the Topographical SnTveys of 

India and of the Surveyor General's Department for 1871-72, 

(1873), flsc.« Calcutta. 

SuBVETOB General of Iki>ia. 

Madras.— The Madras Experimental and Model Farms Reports for the year ending^ 31st 

March 1872, (1873), flsc., Madras. 

Government of Mai>bas. 

Mysore. — Report on Puhlio Instruction in Mysore for the years 1870-71 & 1871-72, 

(1871-72), 8vo., Bangalore. 

Mysore Goybrnhekt. 

North-Wb8TBRN Provinces. — Selections from the Revenue Records of the North- Western 

Provinces, (1873), 8vo., Allahabad. 

GoVBtfNHENT OF THE NORTH- WESTERN PbOVINCBS. 

TRANSACTIONS OP SOCIETIES, Ac. 

Amsterdam. — Jaarboek van het M\jnwezen in Nederlandsch Oost — Indie, Jaarg. I, Deel II, 

(1872), 8vo», Amsterdam. 

Royal Society of Batavxa. 

Berlin. — Monatsbericht der Eonig. Preuss. Akademie der Wissenschaften zu Berlin, 

November and December 1872, January 1873, (1873), 8vo., 

Berlin. 

Royal Academy of Scibncjs. 

Calcutta. — Journal of the Asiatic Society of Bengal, New Series, VoL XLII, part 1, 

No. 1, part 2, Nob. 1 & 2, (1873), 8vo., Calcutta. 

The Society. 
„ Proceedings of the Asiatic Society of Bengal, Nos. 2—6, (1873), 8vo*, Calcutta. 

Ditto. 
„ Memoirs of the Geological Survey of India, Vol. X\ part 1, (1873), 8vo., 

Calcutta. 

The Subvey. 
„ Records of the Geological Survey of India, Vol. VI, parts 1 & 2, (1873), 8vo., 

Calcutta. 

Ditto. 
CAMBRiDaE, Mass. — Bulletin of the Museum of Comparative Zoology at Harvard College, 

Cambridge, Mass, Vol. Ill, Nos. 5 & 6, (1872), Svo., Cambridge. 

Museum of CoMPASATiyE Zoology. 
„ Illustrated Catalogue of the Museum of Comparative Zoology at 

Harvard College, No. VII. Revision of the Echini by Alex. 
Agassiz, Parts I & II, with Plates, (1872), 4to., Cambridge. 

Ditto. 
Dublin .—Journal of the Royal Dublin Society, Vol. VI, No. 2, (1872), 8vo., Dublin. 

Royal Dublin Society. 
Flobbnce. — Bollettino R. Comitato Geologico d' Italia, Nos. 1—4, (1873), 8vo., Florence. 

The Society. 
The 2nd July 1873. 
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NoTB ov 80VX OF THB Iboit dxfoshs OF CaJLujf/i, CEwntkh Pbovincbs, by Thxodobv 

W. H. HiroHXS, A. B. 8, M«, F. e. 8^ Oeolw^ieal Survey qf India, 

My pretent oontributioii to the Beoords of the Geological Survey refers to a fiew only 
of U&e depomts of iron-ore found in the Cybd6 dietriot, and gives some details relative to 
the amoant of ore and fuel ordinarily used in native fomaoes, showing what results are^ 
cAytained wx&ont ilie net of foreign dag-fbrming ingredients. 

I am indebted to Mf^r Glasfurd, the Deputy Commissioner, for my qnantftative %ure8 ; 
and although it is always moie satis&otoiy to have an accumulation of data, I think the 
six experimental trials whidi are recorded yield a fair indioation of the w<Mrk aooompfished 
by the meUiod of ameKu^ adopted in this country. 

Iron-ore eziBts in great quantity ; and as it occurs princ^ally in the metamorphic rocks,. 
it is found in those portions of the Ch&nd4 district which are to the north and east of the 
main Wardh4 valley coal-field. Anhydrous hsematite is the most abundant species^ and it 
fonushes all the supplies for the native furnaces. It is usually compact, and is mixed up 
ooeaaionaUy with some magnetie oxide and a little brown iron-ore. 

The latter varieiy of haematite occurs often as a coating to an interior mass of anhy* 
drona hnmatite. It presents in many instances an exoeediugly beaotiful i^pearance, having 
a dear smooth sorfaoe on the outride, and being finely fibrous cm the transverse fieuse. Thers 
is no difficulty in distinguishing it, for it gives a well defined brown streak on being 
scratched ; and any person interested in possessing an iUustrative mineralog^cal sample of 
iron-ore, dbowing the passage of one variety into the other, may obtain in the Ch£nd4 
district many such specimens as that which I have described. 

The most noted localities fi>r abundance and exoeUenoe of ore are D^walgaon, Giinjwahi, 
and LohiLdL ; but there are several others which run them close for a place in the first rank. 
The wealth of Ch&nd4 in iron^re is undeniable. In the form either of magnetic oxide, 
h»m&tites, carbonate, or as laterite, one is constantly meeting with it. 

The deposit most worthy el notice which I have hitherto seen is undoubtedly that at 
Loh&r^. It deserves, and will some day obtain, a more than local reputation. The ore 
consisting of compact crystalline hamatite or specular iron-ore with some magnetic oxide, 
forms a hill fully three-eighths of a mile in length, two hundred yards in breadth, and 
a hundred to a hundred and twenty feet in height. The main lode striking north-east by 
north can be traced clearly for some distance beyond the distinctive hill portion which fir^t 
catches the eye, and its actual length if followed out (but which I am sorry to say I had 
not time to do on the occasion of my vbit) would probably exceed several miles. 
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The view presented by such a mass as that at Loh&T&k exclusively made up of almcwt 
pare specular iron, it does not fall to the lot of many men to see surpassed ; and those who 
possess the opportunity of visiting this place ought to do so, and carry away with them the 
remembrance of haying looked upon one of the marvels of the Indian mineral world. 

The ore at Loh&ra has been analysed by Mr. David Forbes, and I extract from the 
Colliery Guardian* the following statement of its composition :— 

Iron, metallic ... ... ... 69'206 

Oxygen, in combination ... ^. 29*376 

Manganese, sesquioxide ... ... *090 

Silica ... ... ... ... '823 

Alumina ... ... ... ... *432 

Lime ••• ... ... ... '054 

Magnesia ... ... ... ... Trace. 

Sulphur ... ... ... ... *012 

Phosphorus ... ... ... -005 



100000 



It will be seen that it is extremely rich in iron, and exceptionally free from, snlphmr 
and phosphorus, which are usually two of the most annoying ingredients that the iron-master 
has to contend with. The amount of silica is less than would be presumed to exist, judging 
by the external appearance, compactness, and hardness of the ore. 

It is not, however, to the Loh&r4 deposit that I wish to draw attention so much, as to 
some others, which — since the question of establishing large iron-works in India has been 
again raised — have lately acquired increased importance, due to their propinquity to a small 
area of possihlif coal-bearing-rocks, about six miles west of Chimur, which I discovered and 
mapped during the past season. 

These deposits are three in number, and occur near the villages of Biasi, Fipalgaoo, 
^nd £atnaptir. 

(1). Bissi.— Long. 79°28' East, and Lat. 20''39' North. The ore occurs in a lode 

about a mile directly east of the village, and contains hsematite 
and magnetic oxide of iron. 

(2). PiPALGAON. — ^Long. 79°34' East, Lat. 20°32' north. An excessively fine mass 

of red haematite, resembling that which occurs at Loh&ra, and 
having probably the same composition, is to be seen about three 
quarters of a mile east of Pipalgaon. The strike of the lode is 
west-north-west, east-south-east. 

(3). RATNAPtJB.— Long. 79''37* East, and Lat. 20**23' North. A very rich lode of 

brown iron ore, forms a terrace on the north side of the small 
range of hills facing Alistlr. The width of the lode in places 
is 40 and 50 feet. 

The coal rocks which I have referred to as giving increased importance to the deposits 
lust described, occupy a somewhat restricted area. I have not been able to prove the a^^uai 
existence of coal by the discovery of an outcrop ; but Damuda and Kamthi strata occur ; 
and a very few shallow borings, not exceeding 300 feet at the utmost, sunk between Morep&h 
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amd Bandar* ought to determine the qoestion. I do not entertain the idea that thero 
is any present chance of {profitable blast-furnaces being erected in the Chdnda district. 
We have a long pupilage to go through before we can woriw successfully with such coal a^ 
has hitherto been found in the Wardha valley field. It may, therefore, perhaps be urg^ni 
that if this be the case, there is no immediate necessity for proviug the ground which 
I have pointed out. But I am writing with the full knowledge that thero is a boring 
establishment at Warora, and that possibly if the present opportunity of profiting by 
it be neglected, many years may elapse before mechanical means are again available for 
purposes of exploration. Should the borings which I recommend be carried out, we shall 
gain positive knowledge in reference to the rocks, and if there be no coal, we shall not be 
indal^ng in vain speculations regarding the utilization of the iron ore deposits to which 
I have drawn attention. 



The native furnaces of Ch4nda are somewhat taller and larger than those commonly in 
use in Bengal. Several that I measured were nearly 6 feet in height, owing to a prolongation 
npwards of the front face of the f umace» the use of which is to back up tbe ore around the 
feed-hole. The height of the actual working shaft varies from 4' 6^' to 5 feet. 

The section of the furnace is that of a cone, its internal diameter diminishing from 
1^6" at a height of six inches above the hearth to three quarters of a foot at a height of 

36 inches above it. 

< • 

The hearth, as is usual, slopes from behind forwards, and the bloom is taken out through 
the face. 

The twyers are 9 inches long, 1\ inches in diameter at the larger opening, and -^ths of an 
inch at the smaller. The bellows for producing the blast are usually worked by liaud. 

I need not refer to the method of smelting, further than to say that it is similar to the 
mode in use in other parts of India, and I will now give the results and details of the six 
experiments which Major Glasfurd undertook to have made. 

Three experiments were conducted in the Miihl Tahsi), at Chikli, Gulib-bhiij and 
Metdgaon ; and three in the Brahmaptiri TahsQ, at Armori, D^walgaon and Iojhdwar4 :— 



TXLIiiLOB, 


Iron ore 
uaed. 


Charcoal 
uaed. 


Iron 
yielded. 


Cost of iron 

ore and char* 

coal used. 


Value of iron. 


Wages of a 
ineo. 




8eere. 


Been. 


Seen. 


Ba A.P. 


Bs. A. P. 


Ba. A. P, 


JfO/.— 














(/ulKll ••• ... .•• ••• 

G61&b-bh6j 

Met^gaon 


49 
6o 
72 


82 
68 
90 


171 
ISA 
2l| 


9 
9 
9 


10 
13 
18 


4 
4 
4 


BrdkudpiH.-- 














Amori ... ••> ••! ••• 

D^walgAon 

lhjb^wiir& .M 


S7i 

62 

41 


68 
114 

86 


12 
12 

n\ 


4 6 
4 6 
5 10 


9 7 
8 10 
10 


8 3 
3 3 
8 1 



In these returns there is a great discrepancy in the price paid for charcoal and ore in the 
Mhttl and Brahm£pdri Tahsils. Compare, for instance, Chikli (49+82 seers for 9 annas) 



• Morcpah : Long. 79^ 21' Eait; Lat. 20^33' North. Bandar; Long. 79*21' Ka»t ; Lat. 20^ 30' North, 
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and D^walgaon (624 114 «een for ia. 6p), T^ yield of inm alio Bhowfl great dlaa^rrce. 
ment At D^walgaon 62 seen of ore prodaoed only 12 seen of iron, whereas at Chikfi 49 
seen prodnced 17^. It may be that a poorer class of ore was used in the one iostanoe 
than In the other, bat I scarcely thinlc this can be the case, for I have always obeerred that 
the natives invariably used ore having the same average composition. And an analysis of 
the D^walgaon ore shows that it contains 70 per cent, of metallic iron. 

If we calculate the proportion of Ihe amount of charcoal used to iron otCj and the 
proportion of the amount of ore employed to the iron prodnced, we find : 



Village. 



ChlkU 

G61&b-bhAi 

Moi^gftoii 



Brokmipiri.''' 

Armorf 

IXwalgaon 

IqjMwiiA 



• •• 



Propofiioa of on to ohirooid. 



On. 



CkmoftL 



• •• 



• • • 



1 


%0 


IT 


1 


t* 


1*4 


1 


w 


l-S 


1 


t> 


IB 


1 


u 


as 


1 


M 


»o 



Pnportlan of on to iron. 



On. 



S 



8 

4*3 

rs 



1 
1 
1 



1 
1 

1 



The iron referred to above, which is called hit by the Maharattas, is a mere mass of 
spongy iron, slag and charcoal, and has to nndergo two refinings before being sold as 
malleable iron. In the first operation it is manipulated by the men who reduce it from its 
ore. They heat it in a refinery, and then hammer it, whereby the dag is mora or less 
completely extruded and the iron consolidated into a compact bloom. It loses oonaideKaUy 
in weight during this process, and the mass formerly weighing, say 14 seen, is diminudied to 
10 seers. The amount of charcoal consumed is stated to be 20 seers, or perhaps a litUe less. 
The bloom is then cut partially in half and is called CkAl^ and is sold to the regular metal- 
workers (lobars). These men clean it agun, by which its weight becomes stall ftirtiwr 
reduced, fully one-third and sometimes one -half of it being lost ; and it is by them worked 
up into various household and agricultural implements. 

Applying the foregoing observations (by taking the mean of the Mdhl figures) to 
arrive at the average proportions of iron-ore and charcoal used in producing iron ready for 
being actually worked up, it appears that — 

(a.) Seventeen and a half seers of iron are produced from 63 seers of ore and 
87 seers of charcoal. 

(5«) In the first refining operation, 20 seers of charcoal are used, and the iron loses 
6 seers in weight, reducing it to 12^ seers. 

(c.) In the final refining operation about 10 seers of charcoal are consumed, and 
clean workable iron, weighing 7 to 8 seers, is obtained. 

Thus, 63 seers of ore and 117 of charcoal are required by the native method of 
smelting as carried on in Chand4 to produce 8 seers of metal. Or, stating it in cnrrent 
English terms — 

8 Tons of ore - ^ , . ., « , /. •. m 

^ f Are used in the manufacture of I Xon 

14i Tons "of charcoal » of wrought-iron. 
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There is no ocoftsion in the proBont nximber of the Records to treat the subject of cost 
in its Tarions branches, nor need I enter npon a discnssion of the commercial aspect of the 
iron trade of Ch4nd4. I hope to dw«ll at some length upon both these topics when giving 
a detailed description of the Wardh4 valley coal-field. 

For the present, I wish to draw attention to 1st, the richness of Ch4nd& in iron-ore ; 
2ndj the circumstance of the probable favorable association of coal and iron-ore ; ^d, the 
proportional consumption of raw materials in the manufacture of native wrooght-iron. Of 
coorse^ should furnaces intended either for the making of pig-iron, or for the production of 
wroDght-iron by the direct process, be ever erected on a European scale, the data afforded by 
obaervatione on the lilipatian works of the natives of the country will be matter for curioeity 
rather than of practical interest. 



} 
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Basben Island akd NAREOin)AM, by Y. Ball, M. A., Q^logical Survey of India. 

In the month of Msrc^ last, a few hours were spent on the two Islands whose names 
are given above by a party consisting of Mr. Hume, Dr. Stoliczka and myself. Although 
the time at our disposal did not admit of extended exploration, still an opportunity was 
afforded of checking the accuracy of the accounts which have been previously published. 

Having consulted every notice of these islands which, so fur as I have been able to 
ascertain, have hitherto been published, I have been astonished to find how inaccurate has 
been the information upon which the accounts in Geological Manuals and other works have 
been founded. 

In the pvesent paper I ha^e devoted several pages to an abstraet of tiiese accounts, and 
have pointed out the errors and traced, so far as is possible, their origin. 

Dr. Li^ig's paper on Barren Island which contains the fullest and most accurate account 
of the island hitherto published, does not appear to have reached the hands of several 
authors who have since its publication repeated the old statements in their works. 

Barren Island and Narkondam are two volcanic islands situated in the Bay of Bengal 
at a distance of 70 miles from one another on a north-by-east, south-by-west line. They 
constitute links which connect what is known as the Molucca band with the volcanic region 
of Arracan and Chittagong, and of which Mrs. Somerville has written as follows : — 

" One of the most terribly aotive groups of volcanoes in the world begins with the 
Banda groups of idands, and extends through the Sunda groups of Trimor, Sumbawa, Bali, 
Java, and Sumatra, separated only by narrow channels ; and altogether forming a gently 
curved line 2,000 miles long; but as the volcanic zone is continued through Barren Island 
and Narkondam in the Bi^ of Bengal and northward along the Coast of Arracan, the entire 
length of the volcanie range is a great deal more." 

Dr. Hochstetter carries the line of elevations which accompanies the zone of volcanic 
action still further, in an oblique S. ibrm, through New Guinea to the north of the 
Australian continent. "It forms in New Ireland, the Solomon Islands, New Hebrides and 
New Zealand a curve, concave towards the west, the small group of the Macquarie Islands 
being possiUy considered as the extreme southern end of this curve." 

So fax as is known, there are no volcanoes in either the Nicobar or Andaman Inlands. 
It has been by some supposed that the hill on Bompoka in the Nicobars and 8<»ne of the 
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high ground in the great Nioobar might be volcaniC) but the evidence is rather a^aiiuit than 
in favor of this view. Platonic rocks (diorite and gabbro) not unfreqnently ooour how - 
ever in both islands. A statement made in an old account of the Cooos, that the little Coco 
is formed of volcanic rocks, is quite without foundation. 

Baeben Island, Lat. 12'* 17', Long. 93° 64'. 

History of the island derived from previous notices, — In the table appended I have 

given a prScis of aU that has been published on the subject of Barren Island ; but a few 
additional remarks tracing out the way in which certain inaccuracies have arisen aeem to 
be desirable. 

The first account was by Captain Blair, in his report on the" Andaman Islands, dated 1789. 
I have not seen the original document, but the account was extracted and reprinted by 
Lieutenant Colebrooke in the Asiatic Besearches. It has served for many years as the text 
upon which the descriptions published in various Geological Manuals have been founded. 

Captain Blair gave the height of the central cone at nearly 1,800 feet, and the ang^Ie of 
the slope at 32° 17'. Were it not stated that the cone was equal in height to the outer walls 
of the surrounding part of the island, we might, in consequence of Blairs' oil proved 
accuracy as an observer, be disposed to believe that at the time of his observation the cone 
was nearly double its present height. That there has not been a general subsidence of the 
island to the extent of 800 feet is proved by the fact that the base of the cone was then, as it 
is now, but little raised above the sea level. Blair himself states that it may be seen at a dis- 
tance of twelve leagues in clear weather, which would only require an elevation of about 
920 feet. I can only suppose, as an explanation of the difficulty, that Blair took several 
heights which varied between 800 and 1,000 feet> and that these, by some error, came to be 
written together as 1,800. 

The angle of inclination of the sides of the cone is given by Blair at 32" 17'. This 
nearly corresponds with the mean of my observations, which ranged between 32** and 
35°. These angles also agree with those on a photograph which I possess. Dr. Liebig, 
Dr. Playf air and others have given it at from 40° to 45°. 

The sketch by Lieutenant Wales given in Lieutenant Colebrooke's paper, save that it 
represents an inclination of about 60° to the sides of the cone, conveys the best idea of the 
island of any of the numerous figures which have been published. It was reproduced by 
Von Buch, and copied from him by Sir Charles Lyell, Dr. Daubeny, Dr. Buist^ &c. Yon 
Buch, in his " Memoir on the Canary Islands," gives the height of the cone at 1,690 Pans feet. 
His account, though apparently derived from Lieutenant Colebrooke's paper alone, contains 
the statement that the sea penetrates into the circle at the base of the cone. This can only 
have been due to some misapprehension of the meaning of Blair's words, which were as 
follow : " The base of the cone is the lowest part of the island and very little higher than 
the level of the sea." 

Sir Charles Lyell, in the earlier editions of the * Principles,' framed his account from Von 
Buch's. In the changes from English into French, and back again into English, the elevation 
of the cone became increased by 48 feet, standing in the 7th edition of the * Principles' 
(1847) at 1,848 feet. It is also there stated that the circular basin inside is filled with the 
waters of the sea. In the 9th Edition, 1863 (I have not been able to refer to the 8th), Captain 
Miller s estimated elevation of 500 feet is adopted instead of the former one ; but the statement 
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r^^arding the sea inside still remains. In the 10th Edition (1868) Captain Miller's estimate 
of oOO feet, 4ia the height in 1834, is retained ; bat it is stated that according to Yon Liebig 
in 1857, both the cone and outer crater were about 1,000 feet high, and in reference to the sea 
we find the following : " In some of the older accounts the sea is described as entering the 
inner basin, but Yon Liebig says it was excluded at the time of his yisit." I belieye this 
statement r^arding the sea to have arisen solely in the way I have pointed out. It is 
important that there should be a clear representation of the case, as otherwise it might be 
concluded that we haye evidence of the rising of the island within the historical period. 

The next account to that by BUir is by Horsburgh, about which there is nothing parti- 
cular to remark here, save that he asserts that in 1803 the volcano was very active (see 
table). 

Dr. J. Adam's account is derived from information and specimens received from a 
friend who had landed on the island in 1832. fie speaks of the stones on shore hissing and 
smoking, and the water bubbling all round them. The statement has apparently been under- 
stood by one tmter to indicate that the lava had not then cooled down. But the hot spring 
waa probably quite sufficient to account for the phenomena observed. This is the first 
mention made of the hot spring. The author supposes that the volcano is only active in 
the south-west monsoon, ». e., requires water to bring it into a state of activity. Apart 
from other considerations, it is only necessary to say that the only authentic account of it in 
a really violent state of eruption is by Blair, who saw it on the 21st of March, and therefore 
not in the south-west monsoon. Captain Miller's account is very inaccurate in several respects. 
He has given the height at 600, and the angle at which the cone rises at 46^ or even more. 
If the elevation of the cone in his time were only so much, then, since he states that this 
was also the elevation of the outer walls or amphitheatre, both must have increased pari 
passu. This view is of course untenable, and we are forced to believe that Captain Miller 
only gave a rough guess. His remarks on the vegetation are quite inconsistent with one 
another, for he says, — " there is no vegetation of any kind within the amphitheatre, but 
a ftw small trees are found on other parts of the island, which, however barren it may 
have been at one time, is now well toooded" 

Dr. Daubeny, in his description of Barren Island, though quoting from Lieutenant 
Colebrooke, gives the elevation of the cone at 4,000^, which must have been due to a clerical 
error. A somewhat modified reproduction of the original sketch is given. 

Mr. Scrope, in his work on Yolcanos (^nd JSdition, Lond,, 1862), writes regarding 
Barren Island : " This permanently active volcano is a cone about 4,000 feet high, rising 
in the centre of a circular cliff range, which entirely surrounds it except at one point 
where the sea has broken in." Though the authority is not given, it is evident that this 
account is derived from Dr. Daubeny's, as the elevation is not given at 4,000' in any 
other work. 

In 1846 the island appears to have been visited by the Danish corvette Oalathea^ but 
the only record of the fact which I know of is an inscription on a rock on the island — 
* &AZATHJSA, 1846." 

In the Bombay Times for July 1852, on the authority of Dr. Buist, it is stated that 
the volcano was very active, bat I have not been as yet able to refer to the original 
account. 

The chief points in the accounts subsequent to the above will be found incorporated 
below. Dr. Playfair, Yon Liebig, and the Andaman Committee agree in estimating the 
angle of the cone at 40^ to 45°i and the elevation at from 976—980 feet. 
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From the prece^ng we may gather the following. The volcano has probably not been 
in violent eruption since the years which closed the last and commenced the present century. 
The lava-flow which stretches from the entrance open to the sea to the base of the oone 
was probably poured out daring this period, and raised the level of the encircling valley 
some 4ff above its elevation in 1789, when Blair saw it. He makes no mention of a lava 
stream in his time. If it did not exist then it cannot — as has been supposed by some — ^bave 
been instrumental in the formation of the entrance. That this fissure was probably due to 
other causes we shall presently see. 

From Lieutenant Wales' figure it is apparent that no material change has taken place in 
the general configuration, and as it has been shown that 1,800 feet cannot have been the true 
height, and about 920 probably was, no great alteration in the level is likely to have 
taken place. 

General appearance qf the Island. — Seen from any side but the north-west, Barren 
Island appears as a nearly flat-topped hill with numerous spurs running down into the sea. 
From some aspects, however, the top of a central cone with a column of smoke rising from it 
is discernible. 

As the north-west side opens up to view, it is first realised that the island consists of 
a circular ridge forming a huge amphitheatre, which is broken down at one side for a dis- 
tance of perhaps 150 yards to the level of the sea. The view obtainable through this entrance 
discloses a bare cone which rises from the centre of the valley. Except at a sort of shoulder 
not far from the top, and at two peaks close to the summit, no rocks are seen on this cone, 
its smooth sides being covered with grey ash and occasional strings of shingle. Towards the 
top some whitish patches are seen, due to the presence of gypsum mixed with the ash. 

The total diameter of the island is, on the authority of Lieutenant Heathcote, 2,970 yards. 
The circuit of the island, from the time it took us to row round, I estimated at about six miles. 

The high encircling ridge is formed of somewhat irregularly deposited layers of lava, ash 
and conglomerate, which dip away from the centre. A section of these may be seen on the 
left hand of the gap or entrance, and others at various points on the sea-face, no two of 
them corresponding exactly in character. 

These beds or layers generally dip at angles of 35° — 40°, which inclination appears 
to be continued steadily under the sea» as bottom, except at one place, has not been found 
with a line of 150 fathoms at } of a mile from the shore. This steepness has been un- 
favourable to the formation of a fringing reef of coral of any magnitude, such as we find 
surrounding some of the Andaman and Nicobar groups. 

The elevation of this outer ridge varies somewhat in places, but it probably nowhere 
is much in excess of 1,000 feet. Its highest points are towards the south and west. 

The appearance presented by the inner scarped face of this amphitheatre is very 
peculiar. In several places cornice lines mark the position of particular beds, but a 
purplish grey, or in places brownish, ash spreads over the steep slopes, except towards the 
south-west and west, where there are some trees and shrubby vegetation. To the north, south 
and east a few tufts of grass — generally arranged in long vertical lines, the first being a sort 
of protection to those below it — are the only plants which have managed to establish a footing 
in the loose ash. 

The outer slopes fiicing the sea are for the most part covered with a luxuriant vegetation, 
in which large forest trees may be discerned. These latter attract considerable numbers oi 
fruit-eating pigeons {Carpophaga bicolor). 

From its composition and character, it is evident that this ring of clifiR is the remnant 
of the original cone which gradually rises from below the sea. Its top and a portion of the 
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side were, no doubt, blown off by a violent eraptdon. and the present cone was subsequently 
formed inside. 

For a long time Barren Island was considered by Yon Buch and others of his school 
as a most favourable example of his elevation theory of craters. 

The gap or fissure in the surrounding walls bears about north-west-by-west from 
the centre of the island. It is the only place where an entrance can be obtained to the central 

valley. 

Hot Spring, — Close to the landing place, there is a hot spring which has been mentioned 
in several of the accounts of the Island. Dr. Flayfair found the temperature to exceed 140°, 
—the limit of his thermometer. Dr. Liebig's thermometer was only graduated up to 104°, 
bat judging from the feel to the hands, he estimated it to be near the boiling point. The 
Andaman Committee record it at from 168° to 163°. At the time of our visit the highest 
temperature of the water where it bubbled out of the rocks, close to high watermark, was 
130° F. We fkiled to boil some eggs in it which we had brought with us for the purpose. 

The water is perfectly dean and sweet,* and there was no trace of sulphureous vapours. 
Strange to say, where, though mingled with the sea, it was still too hot for the hand to be 
retained in it with comfort, there were a number of brilliantly colored fish swimming about. 

Facing the landing place is the termination of a flow of lava which extends backwards 
from this for about a mile to the base of the cone^ round which it laps for perhaps f of the 
circumference. The height or thickness of this flow of lava is about 10 feet at first, gradually 
rising to 60 feet where it emerges from the base of the cone. The upper surfece is deeply 
cleft and covered over with blocks of black cellular lava which rest upon one another in con- 
fined piles. Sometimes they are poised so insecurely on one another that it is a matter of 
some risk to attempt scrambling over them. Towards the base of the flow the rock from its 
slower cooling is more compact and less cellular. In places it contains white crystals of a 
mineral resembling leucite. In others it is a true basalt with numerous crystals of olivine. 

As pointed out by Dr. Leibig, the older lava seen in the section of the ridge differs from 
this ; it consists of a reddish matrix with crystals of felspar (probably sanidine), oHvine, and 
augite. A somewhat similar rook occurs on Narkondam. 

On our way to the central cone from the landing place we at first endeavoured to avoid 
the rough surface of the lava-flow by keeping on the slope of the gap ; but after a short 
distance the bushes and unevenness of the ground compelled us to strike down on the lava, 
when we found, to our astonishment, a sort of path which must have been made by the 
committee sent from Fort Blair to report upon the grass. 

Arrived at the foot of the cone, we commenced the ascent from the west. The loose 
ashes and shingle rendered it somewhat toilsome work ; and those in £ront found it difficult 
to avoid loosening fragments of lava which bounded down the hill in a most unpleasant way 
for those who were following. 

Dr. Liebig appears to have ascended from the north side, where it seems to have been 
equally difficult. 

About \ of the way from the top there is a shoulder of rock which shows veiy well in 
the photograph. This probably marks the position of an old vent. There is a good deal 
of firm ground about it. 

The summit of the cone is truncated, and contains an oval-shaped depression, one-half 
of which is partly filled with debris, and the other, some 20 yards in diameter and 60 feet 



* The Andaman Committee do not appear to have realised this fact^ as they spent no little time and trouble 
in excavating a well without finding a trace of water. 
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deep, has a cireular bottom, which is filled with sand. This appears to have been the kurt 
crater formed on the island. 

The two principal edges of the depression strike to north-west, south-east ; they ooosist of 
ash permeated with fibrous gypsum (selenite) ; numerous cracks and fissures occur in tfaia 
part of the hill, and the ground is hot. On turning over the surface, the sides of these 
cracks are found to be encrusted with sulphur, resting upon the rugosities of which smAll 
detached crystals of the same mineral were not uncommon. From the highest point on the 
northern edge a thin column of white vapour and sulphureous fumes is slowly poured forth* 
Even when standing in its midst, the fumes did not prove so irritating a might have been 
expected. 

On the southern side of the cratei^ there is some solid lava in situ, and on the west there 
is a peculiarly shaped mass which forms a conspicuous object from below. Some of the lavs 
here has a reddish matrix and is somewhat vesicular. I also found some basalt, the oater 
surface of which was weathered into a white crust. 

It seems probable that the nucleus of the cone is solid rock to a oonsiderable extent, the 
ashes seen at the surface being only superficial. 

By following water channels when^they were to be found, and glissading over the ashesy 
the return to the base of the cone was effected speedily and without much difficulty. 

By a small watch-aneroid supplied with a Yemier scale for feet, the height of the cooe 
is 950 feet ; but as one heavy storm of rain had passed, and clouds portended another, I am 
willing to believe that owing to the atmospheric disturbance the observation was not trust- 
worthy, and that from 976 to 980 feet given by Lieutenant Heathcote, Dr. Liebig and others 
is the true elevation. The temperature on the top was 83**. 

The diameter of the base of the cone is 2,170 feet according to Lieutenant Heathoote. 
The slopes of the cone incline, according to my observation, at angles varying between 90^ 
and 35°. Blair gave it at 32° 17', or about the mean of these two. Other observers say 40^ 
to 45°, but the photograph of the cone shows that the former is coixect. 

Dr. Liebig has discussed the question of the amount of sulphur obtainable on the island. 
He seems to think the chances of finding a permanent supply very doubtful, but reooB>- 
mends a preliminaiy trial. 

Considering the great expense which keeping up constant communication with tiie 
Andamans and the superintendence of convict labour would involve, I cannot see thai 
there is any prospect of the collection and refining of the sulphur being made to pay. 

So &r as is known, the substance occurs only at the summit of the cone, though, doubt- 
less, if the right places could be found, it does also occur lower down. But in such places, 
it could only be as an old deposit which, on being worked out, would not be replaced again. 

On the summit the deposit, so far as I could see, proceeds very slowly, certainly not with 
sufficient rapidity to keep laborers constantly employed. 

Nabkondah, Lat. 13° 24' ; Long. 94° 12^. 

History and previous notices, — So little has been published regarding this island thai a 
few lines will suffice to dispose of all that has ever been recorded regarding it 

In 1795 it was passed by Colonel Symes* when on his voyage to Rangoon, whence he 
started on his embassy to Ava. He speaks of it as "a barren rock rising abruptly out of 
the sea and seemingly destitute of vegetation." 

• • SmbM^ to ATI, Vol 1, 1827, p. 107. 
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Dr. McClelland, writing in 1838,* says : " It is a Tolcanic cone raised to the beiglit of 
7,800 feet. He gives a sketch showing the figure of the cone, the upper part of which is 
qnite naked, presenting lines such as were donbtless formed by laya currents descending 
finom the crater to the base, which last is covered with vegetation." Ko soundings are to be 
found at the distance of half a mile from the shore. This account is reproduced by Mrs. 
SomerviUe, Dr. Daubeny, Dr. Buist and Mr. Scrope. 

Horsbnrghf says— 'Narkondam may be seen abont 14 or 16 leagues from the deck, and 
appears in the form of a cone or pyramid with its summit brdken o£E ; it is bold and safe to 
approach all round. 

Mr. S. Kurz, in his report on the vegetation of the Andaman Islands, writes : " Narkon- 
dam Island has an extinct volcano remarkable for the great height of its cone, being twice as 
high as its outer wall. Owing to the great height of the cone (perhaps 2,000 feet) in pro- 
portion to the surrounding wall, this island must have sunk very much, or the volcano must 
have been formed from a considerable depth in the sea." Mr. Eurz gives an outline 
sketch of the island as it appeared to him from a distance of 20 miles. 

In a paper on the geology of the neighbourhood of Port Blair, I made a few remarks 
on the appearance of Narkondam as seen from a few miles distance. In it I accepted the 
height of the cone, 2,160, given on the chart, as authentic. This, it will be seen by the 
sequel, I do not now adopt as correct. In the Indian Observer for the 10th of May a short 
account of the present visit will be found. 

Yiewed from the north-west at a distance of about 4 or 6 miles the island of Narkon- 
dam appears to consist of a tolerably regular cone which rises from an interrupted ring of 
irregularly piled masses. The apex is somewhat truncated, but has three distinct peaks. On 
the occasion in 1869 when I first saw the island a dense mass of cloud rested on the top, and 
I was unable to make out the character of the summit. But when subsequently seen, it was 
observed that there were three peaks as represented in the sketches published by Mr. Eurz 
and Dr. McClelland. The upper parts of the cone and the sides for more than half way 
down are deeply furrowed by ravines, and what appears to be a low scrub jungle spreads 
uniformly over the island save upon some vertical scarped faces. 

With the general consent of those who have seen it, the conical form has been accepted 
as a proof of the volcanic character of the island. Dr. McClelland, as noted above, speaks of 
the lined appearance being " doubtless formed by lava currents descending from the crater to 
the base." These lines are, however, simply the result of erosion, and mark the position of the 
watercourses. 

The elevation of the summit of the cone has been variously estimated at horn 700 to 
2,160 feet. Since however, according to Horsbnrgh, the island first becomes visible from the 
deck of a steamer at a distance of from 14 to 16 leagues ; it is probable that about 1,300 feet 
would be nearer the true altitude, and such indeed, judging by the eye, appears to be a very 
&ir estimate. 

On the occasion of our visit we landed in a small bay on the north-west side of the island. 
At about 100 yards distance from the beach the water became so shoal that we were compelled 
to land on a raft. We soon found that the jungle which, in the distant iriew, appeared to con- 
sist mainly of low scrub was really composed of large forest trees with a thick undergrowth. 
8o dense was this, just above high water mark, that at first it seemed probable that it would 
be impossible to penetrate it. Added to the natural density of the jungle, another obstacle 
was presented by the prostrate condition of many of the trees, which in their fall had carried 

^ On the diil^renee of lerel In Indian Cosl-flddfl^ J. A. 8. B. VII. Alto in the Coal Oommittoe'a report, and In 
Corbjn's Indian Bariew. 

t Indian Directory, 0th £d.,VoL II, 1843> p. W. 
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down tangled masses of creepers and the lower vegetation. It soon became apparent thftt at 
no very distant period a violent linrricane or cjdone most haye swept across the island. 
An entrance was at last found, and for three hours, cutting our way and tnalring' con- 
stant detours to avoid fallen trees, we endeavoured to force onwards to the summit, bnt 
were at length compelled to give up all hope of succeeding and returned to the beach- 
Further evidence of the hurricane was there afforded by numerous fragments of a wreclc 
which had been thrown up on the sand. Subsequently this storm was identified witli one 
which took place on the 26th of October 1872, and did much damage in the Cooos Islands 
and other parts of the Bay. 

The only rock seen where we landed was a conglomerate, or boulder bed some 60 feet 
thick. The boulders consisted of a trachytic porphyry which contained sanidine, augite, and 
mica in grey or pinkish matrices. We discovered no evidence whatever of recent lava or 
basalt occurring, though either or both may exist, as our observations were confined to one 
small bay. 

Notwithstanding the luxuriance of the jungle which included species of Fioos, Palms 
(Caryota), Acasia, Calosanthes, &c., no fresh water was discovered. 

Much remains to be done in the exploration of this most interesting volcanic islaad. 
It is particularly desirable to ascertain whether there is really a crater at the summit, and 
whether there are any traces of recent lavas. 

Future visitors would do well to provide themselves with some wood-outters. lliey 
should land near the northern spur, and getting then on the steady rise, they will probably 
find no insuperable obstacle on their way up. 



Stray Notbs on the Mbtallifbbous rbsoubgbs of British Burhah, hy W. Thbobald, 

Geological Survey of India, 

Though little that can, strictly speaking, be called precise information respecting the 
mineral wealth of Burmah exists, either as regards the value or extent of its presumed 
mineral sites, yet it may be not without interest to give a brief sketch of what stands 
recorded on the subject, leaving for future investigators the task of sifting these statements 
and determining the importance in an economic point of view of each separate locality. 

A general impression is undoubtedly prevalent that considerable metalliferous resources 
exist in Martaban and Tenasserim, and that it only requires a thorough examination 
of these districts to establish the fact in a manner sufficiently clear and precise to 
tempt the European speculator and capitalist into the field, and originate a new and thriving 
branch of industry which would socm prove of great value to the province. Unfortunately, 
nothing very tangible is known, though the matter has never been quite lost sight of, and has 
attracted the attention of district officers, among whom Mr. O'Kiley in Martaban, and 
Major Malcolm Lloyd in Tounghoo, may be prominently mentioned. A serious cause, howevor, 
of error, and of a too favourable view being taken of the productiveness of a new mineral 
locality, lies in the fact that undue importance is too commonly attached to the result of an 
analysis of a small specimen, which in reality affords no criterion whatever of the vslue 
of the discoveiy in an economic point of view, since the actual richness of the ore is perhaps 
the least important element to be considered ; the two far more important points for con- 
sideration being the amount of ore procurable, and its position as regards water carriage, 
and other facilities for its extraction and reduction. Of course, all other conditions being 
equal, a rich ore is more valuable than a poor one; but the mere analysis of a small specimen 
of ore, how rich soever it prove, is no criterion whatever of its economic value, or whether it 
can be profitably worked. A reduced copy of Mr. O'Riley's map of Martaban, showing 
mineral sites, is published herewith for general convenience. 
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The only ores which need be noticed fof practical purposes are those of iron^ tin, ]ead, 
copper, antimony, none of which, save iron, are known to occur West of the Sittoung, 
bat are confined to the belt of country running up firom the British boundary on the 
Pakchan creek ia Latitude lO** North to the frontier in Latitude 19° 30'. This tract of 
countiy differs essentially from the ground West of the Sittoung, the former being composed 
o£ several groups of beds of Palaeozoic age, both altered and unaltered, together with meta- 
ndorphic rocks seemingly azoic, the whole being traversed by granite and elvan dykes and 
pierced by numerous hot springs, whilst the latter is wholly made up of Secondary and 
Tertiaiy rocks, the newer greatly predominating ; and wherein intrusive rocks are next to 
unknown. Physically also, and as regards climate, the country East of the Sittoung differs 
no less from that West of the river, than it does geologically. Martaban is essentially a 
mountainous country with lofty chains stretching in a north-north-west direction, some of 
whose peaks rise to 6,000 or 8,000 feet, and would afford some of the most charming sanitaria 
in India were they only a little more accessible to those who might be benefited by a resort 
to them. As a result of the geological constitution of the ground, copious and perennial 
springs abound and give rise to a charming verdure and coolness even over the lower 
elevations to which 1 know of no parallel elsewhere ; and though said to be unhealthy (how' 
truly I know not), the pine forests of the Touzalin are among the coolest and pleasantest dis- 
tricts, as far as temperature goes, which India can offer. It is this very district which, according 
to common report, teems with mineral wealth; but a most unfortunate drawback to its proper 
investigation is its wildness and want of population, which means also want of roads of 
any sort^ and difficulty in the matter of supplies, not to allude to risk of sickness (a conmion 
concomitant, among camp-followers at least, on a greatly reduced temperature), and the attack 
of plundering bands, which find a sort of happy hunting ground along all this diJBScult wild 
countiy adjoining on the £aren-ni and Zinmiay tenitories; traders and travellers being 
the special victims of these freebootei*s. The regular dacoit, moreover, is not the only 
' conveyancer' to be dreaded ; as it was but little more than a year ago that the entire police 
guard escorting some treasure, belonging to a trader, appropriated the money and then 
humourously stepped across the frontier with their arms, accoutrements and all as they 
stood, heedless of the feelings of disappointment, if not shame, which their doing so must 
have caused their comrades whom they left behind. 

Jron.— Excellent ores of this metal occur both in Pegu, Martaban and Tenasserim, 
and in former days were smelted by the Burmese, but the manufacture is no longer to my 
knowledge carried on in British Burmah, though iron is still made in Upper Burmah, 
near Puppadoung, from ores dmilar to that formerly used in the Prome district. In Pegu 
( Eastern Prome ) the ore occurs in the form of concretions of an earthy hydrated peroxide 
disseminated through the newer Tertiary beds which are there so extensively developed, and 
of which an account is given in the Records of the Geological Survey of India for 1869, page 
83. East of the Sittoung the ore usually met with is the magnetic, a mixture of the 
protoxide and peroxide, often occurring in thick beds or lodes, and a valuable ore for smelting. 
Specular iron also occurs as an integral constituent mineral in some of the crystalline schists, 
and has from its brilliancy been mistaken for galena. 

Mr. O'Biley remarks that ''iron occurs abundantly in the lower ranges of the hills to the 
eajst of this station" (Shuay Ghyin), and the same valuable ore, the magnetic oxide, is known 
also to occur in Tavoy ; but these deposits will probably not prove remunerative to work for 
many years, or till the difBculties which of late have threatened mining industry in England 
shall have become more weighty and confirmed. 

Tin, — This metal is unquestionably the most important commercially of any produced 
within our Eastern possessions. Though beyond some workings near Malee-wan on the 
Pakchan river, near Latitude 10^ lO' North, the ore is nowhere systematically worked 
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OB a large scale within British territory. South of the Pakchan stream the Tidmess 
of the tin washings deriyed from the degradation of a stanniferous granite^ in which the 
tinstone occurs as one of the integral constituents of the rock, is well known, and xeferenoe 
may be made for information connected with this question to a report of Dr. Oldham, 
published in Selections from the Becords of the Goyemment of India, No. 10, page 56. 

But the fact of most interest as regards British Burmah is, that this stanniferous granite 
and its associated deposits of stanniferous grayel, stretches up as far north as the parallel of 
Tonnghoo, east of which station on the eastern slopes of the Pounglong Range, the metal has 
from time immemorial been worked by the Karen-ni, or Bed Karen tribes within whose terri- 
tory it lies. Tin ore has long been known to occur in the streams discharging into the Henzai 
basin in Latitude 14° 40^ and also at " Chando near Palouk, about two days journey from 
the sea, halfway between Mergui and Tayoy" i^nde Gleanings of Science, yol. I, page 143) ; 
but how far to the north of Tounghoo this stanniferous granite continues, is not known, though 
as likely as not for 600 miles or more. As the tin works aboye alluded to at Eamapew, are 
some 2 miles beyond British territory, it is very important that Mr. O'Biley has traced the 
ore across the range of hills into the drainage basin of the Sittoung ; and to Mr. O'Biley 
belongs the credit of haying first drawn attention to the aboye fact. His words are 
as follow : " Tin : of the existence of this metal within the area of this district, I was 
conyinced from haying traced the stanniferous formations of the "Kaimapyu" which fall 
into the Salween, across the ranges of hills, whose drainage flows into the Sittang yalley, and 
cm forwarding to the Karens specimens and instructions, I was enabled to procure the 
specimens A. B." Of course Mr. O'Biley may haye been misinformed, and the specimens 
in question may in reality haye come from the Eastern, Salween yalley, side of the hills 
and not from the British or Sittoung side ; but as Mr. O'Biley was fully aware of the 
importance of this point, I am prepared to belieye his statement in this particular to be 
correct. Mr. O'Biley goes on to add : " The specimen A exists in the hills north of the 
Tonkthwah riyer, within the Tounghoo district, and the other, in the head waters of the 
main stream." I myself receiyed some corroboratiye testimony to the same effect, when 
examining some hot springs in the lower part of the Youkthwah riyer ; but nothing is actually 
known of the precise locality where the ore exists, nor can be till some one is specially 
deputed to examine the question. Major Malcolm Lloyd, Deputy Commissioner of Tounghoo^ 
has much interested himself with the resources of his district, and has furnished me with 
the following itinary firom Tounghoo to Elay-mah-pew, from which the difficult nature of the 
interyening country may be inferred, since the actual distance from Tounghoo is probably not 
much oyer 45 miles. On the last march the British boundary is crossed about the fourth mile. 

Movie from Tounghoo to Ka^'tnak^to. 

MilM. 

TooBgfaoo to KhooBg-nonk-kwA IB 

B3iotuig-noak«kwa to PaylAwa 8 

PbjIawa to BogsUee .. 6 

Bogallee to Nothedo« .. 10 

Notbedoe to Hobwaydo .. 10 

Mobwajdo to lyoobo 6 

Ivoobo to Kadowboo 16 

Kftdowboe to Kaj-i&ah-pew •• 16 

01 

The current price of tin ore in Tounghoo used not to exceed, as I am informed by 
W. Usher, Esq., Bs. 185 the hundred yiss (about 375 lbs. ) ; but latterly the price has 
risen to Bs. 206 and eyen to Bs. 230 for choice lots, the same realizing Bs. 250 in Bangoon. 
As the carriage from the mines to Tounghoo is at present wholly by coolies, it seems desirable 
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to aeoeriain if no idteniatiTe rouie can be devised by the Salween to MoolmeiD, making use 
of water carriage for part of the way. 

GiLiKi. — This ore is known to exist in nnmerous spots in Martaban and Tenasserim, 
and is nsnally argentiferons to the extent on an average of 12 ounces of silver per ton of 
lead, taking as a guide the first six analyses of the subjoined table. In this respect the 
galena firom Bamo and Upper Burmah is iax richer, the mean of three samples from Bamo, 
giving 78 oz. 17 dwts. of silver to the ton of lead, the poorest yielding 58, and the richest 
104 ozs. 

Table exhibiting the amount of silver in ounces per ton qf lead, from samples qf Galena 

from various parts of Burmah, 



1. 


Galena 


Htrtabui 


8. 


Do. 


do. 


8. 


Do. 


do. 


4. 


Do. 


Tayoy 


6. 


Do. 


Hottlmein 


6. 


Do. 


Toanghoo 


7. 


Do. 


Bamo 


8. 


Do. 


Bamo (Ponsee) 


9. 


Do. 


Bamo (Kyet-jo) 



OK. 


dwU. 


8T. 


6 


8 





6 


U 





• 








16 


7 


19 


19 


6 


U 


SO 


8 


7 


68 


14 


8 


73 


10 





104 


10 


le 



Nine localities where galena occurs are marked in the fiketch map of Martaban by 
Mr. O'Riley, ranged generally on a north-north-west line of bearing, coinciding with the 
general direction of the hill ranges, and extending over a line of country some 90 miles in 
length. Mr. O'Biley describes the ore as occurring in the mountain-limestone formation 
of the district, which is that also to which the magnificent and picturesque limestone hills 
near Moulmein, and along the Salween belong, but he does not say if the ore occurs dis- 
seminated in the rock, or in the form of a true mineral vein or lode. From what I have 
remarked on the north-east of Tounghoo, at the spot whence Major Lloyd procured his 
galena, I am inclined to think that it may occur on both ways, as it is there rather doubtful 
if there is a true vein, whilst on the Salween valley, the accounts would certainly suggest 
the existence of lodes. 

I am sorry I cannot give any account of the attempts which have been made by private 
parties to work the lead and silver of Martaban, but much reticence is naturally observed 
on such a subject, either from a feeling of distrust or of vexation at the unfortunate results 
of crude attempts and hasty speculation. Nothing that has as yet been done, however, can 
be considered as conclusive either for or against the practicability of bringing these ores 
into the market. At present the wild state of the country seems to me the main obstacle 
to arriving at a satisfactory conclusion on this subject, from the sparseness of population 
and consequent inability for any one to properly scrutinize these impenetrably clad hills. 

CoFFBB. — Four specimens of copper ore were procured by M. O'Biley, three of them 
from the same localities as the galena, one of them from the hills east of the Sittoung 
River, and all consisting of " the ordinary copper pyrites, both arsenical and combined with 
sulphur and iron." I have not myself been so fortunate as to procure any undoubtedly 
Martaban copper ore, save pieces brought to me exhibiting traces of that metal in the form 
of green carbonate associated with iron or lead ore, to the extent, and no more, of implying 
the presence of a small portion of the more valuable metal in the mass. Not far from Moul- 
mein on the Ataran River, I have seen heaps of slag which some believed to be old copper 
workings ; but an analysis shows that the slag does not contain so much as a trace of copper, and 
indicatefi^ merely the former presence of iron works, abandoned before the memory of the 
existing inhabitants. 

An extremely interesting specimen of copper ore of a somewhat novel composition was 
procured by M. O'Riley from some spot on the^ YooneaHn River, said to be accessible for boats/ 
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Mr. Waldie, who analysed it, deflcribee it as a new mineral species under tlie name O'Bilejiie, 
in the Proceedings of the Asiatic Society of Bengal for 1870, page 279. Two analyses of the 
samples were made as below, the first being that of a sample forwarded on the 24th July, 
the second, which differs slightly, a sample forwarded subsequently :— 

0opp6r ••• ••• ••• ••• ••• ITvuO 

Silyer ••• -•• ••• ••• ••• ^^"'09* 

JfQfll (»• ••* •»• ••• ••• ^O 4(#V 

Antimony ... ■•• ••• ••• ••• I'lW 

Arvenlo ••• ••• ••• ••• ••• M»CO 

Solphar .«• ••• ••• ••• ••• **3eo 

Earthy mfttUr ... ... •- ••• ••• ®'**^ 

Defioianoy and loM ... •'• ••• ••• 10*M4 

100-00 

The silver in the above sample is equal to 31i ounces troy per ton. The large amo<iroi 
of loss, however, (presumed to be mainly arsenic) was unsatisfactory, and Mr. Waldie, there- 
fore, made a careful analysis of a second sample of the same mineral, forwarded by 
M. O'Biley on the 10th of October, with the following results :— 



Speoifio grsTity : 


[n imaU pieoee 7343 : 


In powder T'iSB. 




Copper 


««• ••• 


«•• 


... 1313 




Iiou .«• 


««t •■« 


• •• 


... 48'IS 




Araenie 


••• ••• 


• •• 


... 88*45 




Antimony ' 


«•• ■•• 


■ •• 


... 0-64 




Earthy matter ... 


••• •■• 


• •• 


... 012 




Oxide of copper... 


« • • ••• 


• • • 


... i«r 


1 


„ lead ... 


••■ «•• 


• «t 


... 1-89 


Soloble in dilate 


Axweniona aoid ... 


•■• etf 


• •• 


... 113 


hydrochlorle acid. 


Protoxide iron ... 


■•• ••• 


••• 


... 1*9^ 




Loaa 


••• ••• 


• •• 


... 046 






100-00 





Indications of the presence of copper, in the shape of stains of the g^een carbonate, are 
also occasionally met with ; one such being recorded in the Geological Notes by Captain 
W. Foley, in the Botou-ng hills, 90 miles north-north-east from Moulmein (Maulamgeng) ; 
his words are : " Silver ore is said to exist in a limestone rock at this place ; and judging from 
the numerous excavations that had been made by those in pursuit of the precious metal, no 
little labour has been used in the endeavour to discover it. I had neither time nor opportunity 
for ascertaining whether silver ore does so exist. Pieces of copper green, iron pyrites, and 
lead ore deemed useless and cast aside by those in pursuit of silver were strewed about the 
place, and for the first time, in this part ol the world, I observed anthracite dispersed io 
thin seams through the limestone rock." 

From this interesting passage, I should infer that extensive diggings for galena hsd 
been made here, as in a note the rejected lead ore is said to be the " arseniate" possibly iden- 
tical with phosphate of lead containing arsenic, which has recently been received in the 
laboratory of the Geological Survey for analysis from the Martaban district. 

AKTiHoirr. — ^AnUmony occurs associated with galena in Martaban,* but is nowhere 
worked in British territory. Metallic antimony, however, is imported to a small extent from 
the Shan States, and is probably used as an ingredient in the alloys of copper and silver 
which are worked up for ornaments by the Shans, who excel in all sorts of metal work. Anti- 
mony does not seem to receive much attention as a metal, though the powdered sulphide is 
largely used throughout the East as a collyrium under the name of soortnah, the application 
of which along the eyelid, in the shape of a fine blaok powder, is supposed to enlarge tie 



PART 4.] AceemoHB lo Libraiy. 95 

apparent mm of the eye and add to its lostre and beanty. In India at least, however, no 
discrimination seems to be made between the sulphide of antimony and ordinaiy galena, 
which goes also by the name of soarnuih. 

Gold. — Though of slight economio importance, gold occnra in most parts of Barmah, 
bat is Yery little worked within British territory, which I attribnte to the higher and more 
certain remnneration there obtainable for agricultoral or other labor ; and gold working is, 
therefore, pmnmed mainly in bad seasons, or as an exceptional means of industry taken np 
merely now and again, 

I am not aware of platina haying been discovered in British Barmah, bat as it is known 
in Upper Barmah under the name of Shwaybeen (white gold), it probably, I think, will be 
found in Pegu also, but perhaps in too fine a state of division to be independently separated* 

In ydume III of the Gleanings of Science a very interesting analysis of a platina 
'button' from Ava is given by J. Prinsep, which I here transcribe in proof of the actual 
occurrence of the metal, which might also be doubted :— 

JrlMiUS ••• ••• ••• ••• ••• ••• So 

uOlQ ••• ••• M ••• ••• ••• O 

Iridium tsd osnfaim .- •» ... ... 40 

XPOu ■•• ••• «•« ••• ••• ••• Xv 

Anenie and lead ... ... ... ... ... 20 

100 



The sole use the metal is put to is as an alloy, the only form of course in which the 
Burmese are capable of manipulating it. The pro^rtion of the metals iridium and osmium 
IS reiparkable ; and additional samples from Bamo are much wanted for analysis, but such 
are scarcely procurable save on the spot. 

An impure earthy cobalt containing manganese was many years since procured by my- 
self near Henzai, but I could learn no particulars beyond the above rather vague one of 
locality. It was a nodular mass of a black color enveloped in white clay, not more than an 
ounce in weight altogether. 

The above remarks are aU that I need offer on the subject, my intention being solely 
to "pomt out in a brief manner what previous observers have recorded on the subject of the 
metalliferous wealth of Burmah. 
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presented by C. Bbownlow, Esq., Cachab. 
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Vol. XLV, Nos. 302—304, (1873), 8vo., London. 

Neues Jahrbuch fiir Mineralogie, Geologic, and Palsoontologie, Jt^gang 1873, heft 3— i 

(1873), 8vo., Stuttgart. 



PAUT 4.] Aeeemons to Library, 97 

Tiller of Books. Donors. 

PBTEftiCANN, Db. A.— Geographiflche Mittheilangen, Band XIX, No8. 5—7, (1878), 4to^ 

Gotha. 

Frofessional Papers on Indian Engineering, 2nd Ser., Vol. II, No. 9, (1873), 8vo., Boorkee. 

Thomasok Collegb, Roobkbe. 

Qoarterly Jonmal of Science, No. XXXIX, (1873), 8vo., London. 

Bevne de I'Exposition de 1867 ; Mines, M^tallorgie, Chimie, Sco., Kos. 9 — 10, (1870), '8ro., 
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BsNGiL. — ^Blakfobd, H. F. — ^Report of the Meteorological Reporter to the Government of 

Bengal. Meteorological Abstract for 1872. With Administration 
Report for 1872-73, (1873), flsc, Calcutta. 

GOTBBKMBNT OF BbNOAL. 

BoxBiT.— Selections from the Records of the Bombay Goyernment, New Series, No. 132. 

Narrative of the Bombay Inam Commission and supplementary 
settlements by Colonel A. T. Etheridge, (1873), 4to., Poona. 

GOVBBNUBNT OF BOMBAT. 

Ikdia.— Annals of Indian Administration in the year 1871-72, Vol. XYII, pt 2, (1873), 

8vo., Serampore. 

GOVBBNMBKT OF IkDIA. 

„ Lists of Ciyil Officers holding gazetted appointments under the Government of 

India in the Home, Legislative, and Foreign Departments as it 

stood on the Ist January and Ist July 1873, (1873), 8vo., 

Calctitta. 

Ditto. 
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(1873), flsc., Calcutta. 
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„ Selections from the Records of the Government of India, Foreign Department, 

No. 102. Report on the Political Adminietration of the terri- 
tories comprised within the Central India Agency for 1871-72, 
(L873), 8vo., Calcutta. 
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LowBB Pbovingbs.— Report on the Revenue Survey Operations of the Lower Provinces 

from Isi October 1870 to 30th September 1871, (1872), flsc., 
Calcutta. 
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Nobth-Wbstbbn Pboyiucbs. — Census of the Notth-Westem Provinces, 1872, Vol. II, 

Provincial, Divisional, and District Tables and Appendix A., 

(1873), flsc., Allahabad. 
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Report by the Board of Revenue on the Revenue Adminis- 
tration, North-Westem Provinces, for the revenue year 1871 — 72 
ending 30th September 1872; (1873), flsc., Allahabad. 

Ditto. 



98 Recordi of the Geological Survey of India. [vol. vi. 
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Genootschap van kansten en Wetenachappen, Deel VIII, 
Nob. 1—2, (1870), 8vo., Batavia. 

M BOTAL SOCIBTT OF BaTATIA. 

„ Tijdschriil Yoor indische Taal-Land-en Yolkenkunde, 6ih Series, Ded 1, 

Afl. 1—6, (1869), 1870, 870., Batavia. 

Dmo. 

Bbblin.— Monatsberioht der koniglichen PrenasiBchen Akademie zu Wissenachaflen, Feb- 
ruary, (2 nnmben), March — ^April, (1873), 8vo., Berlin. 

BoTAL ACADBXT OF SciXKCBS. 

„ Zeitschrift der Deutsohen Qeologischen Gesellscliaft, Band XXm, heft 2, and 

Band XXIV, heft. 8, (1871-72), 8to., Berlin. 

Ths Socibty. 

Brxtxblles. — ^Acad^mie Bojale de Belgiqne. Centi^me Anniversaire de Fondation, 1772 — 

1872, Vols. I and II, (1872), 8yo., Bruzelles. 

Boy. Acad, of Scibkcb, BBLanric. 

„ Annuaire de TAcad^mie Boyale des Sciences, &c., de Belgiqne, (1872 — ^1873), 

8vo.,JBnizelles. 

Ditto. 

„ ' Bulletin de TAcad^mie Boyale des Sciences de Belgiqne, Vols. XXXI— XXXIV, 

(1871—1872), 8vo., BruxeUes. 

Ditto. 

,, M^moires Couroxm^s et antres M^moires, Vol. XXII, (1872), 8to., BrnxeUes. 

Ditto. 



„ M^moires de I'Acad^mie Boyale des Sciences de Belgiqne, VoL TTYTT, 

(1872), 4to., Broxelles. 

Ditto. 

Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Vol. XLII, part 1, 

No. 2, and part 2, No. 3, (1873), 8vo., Calcutta. 

The Socibtt. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 6—8, (1873), 8vo., Calcutta. 

Ditto. 

„ Records of the Geological Survey of India, Vol. VI, part 3, (1873), 8yo., 

Calcutta. 

Thb Subvet. 

CoFENHAOEN. — Oversigt over det kongl. d. Videnskabemes Selskabs, 1871, No. 3, and 187% 

No. 1, (1871—1872), 8vo., Copenhagen. 

Danish Acadbxt. 

„ Videnskabemes Selskabs, Band IX, Nos. 6 — 7, (1872), 4to., Copenhagen. 

Ditto. 

Dbbsdbn.— NoTorum Actorum AcademisB Casarese Leop. Carol. Nat. Curiosorum, 

Vol. XXXV, (1870), 4to., Dresden. 
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I>RB8]>Bir. — Sitzmigsbericliie der natnmineiuchaftficheii Geeellsoliaft Ibis in Dresden, 

Jahrg., 1871, Kos. 1^3 and 10^12, Jahrg^ 1872, NO0. 1—3 
and 4—6, (1871—1872), 8vo., Dresden. 

Ths Isis Socibtt. 

I>nBiaK.— Jonmal of the Bojal G^logical Sodety of Ireland, New Series, Yol. Ill, pt 1, 

(1871), 8to., Dublin. 

Thb Socibtt. 

SDnnsuBOH. — ^Frooeedings of the Boyal Sooiety of Edinburgh, Yol. YII, Nos. 82 to end» 

(1872), 870., Edinburgh. 

Ditto. 

„ Transactions of the Boyal Society of Edinburgh, Yol. XXYI, parts 3—4 

(1872), 4to., Edinburgh. 

Ditto. 

Flobxitcb. — ^Bollettino B. Comitato Geologioo dltalia, Nos. 5—6, (1873), 870., Florence. 

Thb GBOLoeiCAL Socibtt of Italt. 

Qi.JL8eow.— Proceedings of the Philosophical Society of Glasgow, Yol. YII, part 3, and 

Yol. Yin, part 2, (1871 and 1873), 8vo., Glasgow. 

Thb Socibtt. 

GoTTiiroxH. — ^Abhandlungen der Koniglichen Gesellschaft der Wissenschailen zu Gottingen, 

Band XY, (1871), 4to., Gottingen. 

Thb Gottinobn Socibtt. 

M Nachrichten Yon der Koniglichen Gesellschaft der Wissenschaften zu Gottingen, 

(L870), 8yo., Gottingen. 

Ditto. 

KdmosBBBO. — Schriften der koniglichen Physikalisch. — Okonomischen, Gesellschaft ro 

Konigsberg, gahrg. X£, Abth. 2, (1871), 4to., Eonigsberg. 

LiTBBPOOL. — Beport of the British Association for the advancement of Science, (1870-71), 

8yo., Liyerpool. 

Thb Associatiok. 

LoBDOir.^British Museum. Gbat, J. E. — Hand-list of the specimens of shield reptiles in 

the British Museum, (1873), 8vo., London. 

Thb Bbitish Musbitm. 

British Museum, Walkbb, Fbakcis. — Catalogue of the specimens of Hemix^tera 

Heteroptera in the Collection of the British Museum, parts 
YI— Yll, (1873), 8to., London. 

Ditto* 
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Journal of the East India Association, Yol. Vll, No. 1, (1873), 8yo., London. 

Thb Associatiok. 



„ „ „ Boyal Geographical Society, Yols. XL & XTJ, (1870-71), 8yo., 

London. 

Thb Socibtt. 
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Proceedings of the Boyal Geographical Society, Yol. XY, Nos. 2—6, Yol. XYI, 

Nos. 1—6, & YoL XYII, No. 1, (1871-73), 8vo., London. 

Ditto. 
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TitlM (f Books. Donang. 

IiOKDOK.'--JottrDal of tlid fiqyal Asiatio Society of Great Britain and Ireland, New Smes* 

Vol. VI, part 2, (1873), 8vo., London. 

The Socibtt. 

„ Pliilogopbical Transactions of the Royal Society of London, Vol. 161, part 2, and 

Vol. 162» part 1. With List of Fellows of the Sodeiy for 
1871, (1871-72), 4to., London. 

BOTAL SOCIBTT, IjOKDOIT. 

„ Proceedings of the Royal Society of London, Vol. XX, Nos. 187—138, and 

Vol. XXI, 189—148 and 145, (1872-73), 8vo., London. 

Ditto. 

Royal Society's Catalogue of Scientific Papers, Vols. V— VI, (1871— 7»), 4ta, 

London. 

Proceedings of the Royal Institution of Great BriWn, Vol. VI, parts 3—6, 

(1871-72), 8vo., London. 

The Ikstitutb. 

„ Quarterly Journal of the Geological Society, Vol. XXVTII, part 4, and XXIX, 

parts 1 A 2. With List, (1878), 8vo., London. 

Thb Sociimr. 

„ Ray Society. A Monogp*aph of the Gymnoblastic or Tuhularian Hydroids, (1871), 

Boy 4io., London. 

Melboubke. — Transactions and Proceedings of the Rofal Society of Victoria, Vol. IX, 

part 2, (1869), 8yo., Melbourne. 

ROTJLL SOCIBTT, ViCTOBIA. 

MiHNXAPOLi8.^Constitution and Bye-Laws of the Minnesota Academy of Natural Sciences, 

(1873), 8to., Minneapolis. 

Thb Acadbkt. 

MoNTBEAL.— Geological Survey of Canada. Report of Progress for 1871—72. With List of 

Publications of the Geological Survey of Canada, (1872), 8vo., 
MontreaL 

GXOLOOICAL SUBVBT, CaKADA. 

Moscou.— Bulletin de la Soci^t^ Imp^riale des Naturalistes de Moscou, Vol. XLIII, 

Nos. 3— 4^ XHV, Nos. 1—4, and XLV, Nos. 1—8, (1871-72), 
8vo., Moscou. 

Imp. Soc. Nat., Moscor. 

„ Nouveaux M^moires de la Soci^td Imp^riale des Naturalistes de Moscou, Vol. 

. XIII, livr. 3, (1871), 4to., Moscou. 

Ditto. 

Munich.— Annalen der Koniglichen Stemwarte bei Miinchen, Band XVIII, (1871), 8vo., 

Mtlnchen. 

Roy. Bayabuk Acad, of Scibkcbs. 

M Sitzungsberiohte der inathematisch— physikalischen Classe der k. b. Akademie der 

Wissenschaften zu Muncheu, heft 1 — 2, (1871), 8vo., MiiDchen. 

Ditto. 
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TUieB qf Book*. Donor*. 

Mujrics. — SapplemeDi— Bind in der Amuden der Mfiiidiener Stemnote^ Yd. XI, (1871), 

Sva, MtmdieD. 

BoT. Bayabiah Acab. of Scixncss. 

M Die Ao^abe des Cliemueheii nnteniGhtSy (1871), 4ta, Manchen. 

Ditto* 

Aimanacli der k. b. Akademie der Wiesenechafteii for 1871, (1871), 12mo., 

Munehen. 

Ditto. 

NxucHATBL. — Bdletin de k Soci^t^ dee Sciences Natnrelles de Deochatel, Yol. IX, part It 

(1871), 8yo., NeachateL 

Thx SocnTT. 

Nbw Tobk. Hatdbh, F. Y. — Son Pictoree of Rocky Moantain Soeneij, (1870), 4to., 

New York. 

F. Y. Hatdsv, U. 8. Gbolooical Svbtbt* 
„ • Hatdbv, F. Y.— United States Geokigical Survey of the territories, profiles^ 

sections and other iUnstrations, (1872), 4to., New York. 

Ditto. 

Nsw Zbalakp. — Gedogical Snnrej of New Zealand. Reports on Ckokgieal Explorations 

during 1870-71 and 1871-72, (1871-72), 8to., New Zealand. 

Thb Subvxt. 

„ Hbctob, Jambs. — Catalogue of the Whales and Dolphins of the New 

Zealand Seas, (1873), 8vo., New Zealand. 

Ditto. 
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Hbctob, Jambs.— Geological Survey of New Zealand. Sixth Annual 
Report on the Oolonial Museum and Laboratoiy, together with 
a list of donations and deposits during 1870-71, (1871), 8vo., 
New Zealand. 

Ditto. 

Hbctob, JAMBS.—Meteorological Beport for 1868 to 1870, (1869—1871), 
8vo., New Zealand. 

Ditto. 

HuTTON, F. W. — Catalogue of the Birds of New Zealand, with Diagnoses 
of the Spedes, (1871), 8vo., New Zealand. 

Ditto. 

HuTTON, F. W. — Catalogue of the Echinodermata of New Zealand, with 
Diagnoses of the Species, (1872), 8vo., New Zealand. 

Ditto. 

HUTTOK, F. W.— ^lonial Museum and Geological Survey Department. 
Fishes of New Zealand. With Supplement, (1872), 8vo., New 

Zealand. 

Ditto. 

HOTTOM, Caftaiv F. W. — On the Geographical relations of the New 
Zealand Fauna, (1873), 8vo., New Zealand. 

Gbolooical Subyby of Nbw Zbalakd' 
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Titles of Books, Donors. 

Pabis. — ^M^moires de la Soci^t^ G^logiqae de France, 2xid Seriea, Vol. lY, Noe. 1 — ^3^ 

(1869—1872), 4to., Paris. 

Thb Socistt. 

„ Bulletis de la Soei6t^ GMogique de France, 2nd Series, Vol. XXYIII, No*. 3-^, 

XXIX, Noe. 1—3, (1871—72), 8vo.. Paris. 

Ditto. 

Phiuldblphia.— Journal of the Franklin Institute, 8id Series, Vol. LXIY, Nob. 4—6, 

Vol. LXY, Nob. 1—4, (1872—1873), 8to., Philadelphia. 

Thb Ikstitutb. 

» Prooeedings of the Academy of Natural SctenosB of Philadelphia, 

Parts 1—3, (1871), 8yo., Philadelphia. 

Thb Acadbxt. 

St. Pl.rL.— Annual Report of the Board of Regents of the University of Minneoota for 

the fiscal year ending Novemher 30th, 1872, (1873), 8to., 
St Paul. 

Gk>TBB2rXBKT OF MnTRBSOTA. 

Stockholm. — Kongliga Svenska Vetenskaps— Akademiens Handlingar, New Series, Yol 

VII, heft 2, and Vols. VIII— IX, (1868—1870), 4to., Stock- 
holm. 

ROTAL ACADBKT OF SCIBNCB, StOCKHOUC. 

9, Lefiiadsteckningar o^er kongl. Svenska Yetenskaps-Akademiens, Band I, 

hea 2, (1870), 8yo., Stockhokn. 

Ditto. 

M Meteorologiska sakttagelser i Sverige, Band IX— XI, (1867—1869), 4to., 

Stockholm. 

Ditto. 

f> Minnesteckning ofver erik Gustaf Geijer af F. F. Carlson, (1870), 8to., 

Stockholm. 

Ditto. 

ft Ofversigt af kongl. Yetenskaps — ^Akademiens Forhandlingar, Yols. XXYI— 

XXYII, (1870-71), 8to., Stockholm. 

Ditto. 

» Sveriges Geologiska Undersokning, Nos. 42—45. With 4 maps, (1871)> 

8yo., Stockholm. 

BuBBAU Rbchbb. Gbol. Sihedb. 

St. PBTBBBBUBaH.— BuUetin de TAcad^mie Imp^riale des Sciences de St. Petershuigh, Tome 

XYI, Nos. 1—6, XYH. Nos. 1—3, (1871), 4to., St. Petershuigh. 

IXFBBIAL ACADBMT OF SciBNCV. 
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M^moiros de TAcad^mie Imp^riale dee Sciences de St. Petershniglif 
7th Ser., Yol. XYII, Noe. 1—12, XYIII, Nos. 1—7, (1871-72). 

4to., St. Petersburgh. 

Ditto. 
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St. PsTBBSBUxaH. — Beitraf^e zur STeniitnisB des RuMiflclien Baches and der angrenzenden 

Lander Asiens, with Atlas, Band I, (1889), to XXYI, (1871), 
(1839*71), 870., St Petenbnrgh. 

ImFBEIAL A.CAJD1SMJ OF SciXKCBS. 

ToBnro.^Atti deUa B. Aooademia delle Sdenze di Torino, YoL YII, Nos, 1—7, (1872), 

8to., Torino. 

BOTAL AOAD. OF SciXNOX, TUBIH. 

^ BoUettino Meteorologioo ed Astronomioo del Begio. Osservatorio dell' UniTeraita 

di Torino. Anno YI, (1872), oblong 4to., Torino. 

Ditto. 

YiBHirju — Jahrbuch der kaia. konig. Geologiechen Beichsanstalt, Band XXII, Noe. 8—4, 

and General Begiater, Bande XI— XX, (1872), 8to., Yienna. 

Thb Yibvka Institutb. 

„ Yerhandlongen der kais. konig. Geolo^schen Bdcheanatalt Kos. 11 — 18, (1872), 

8to., Yienna. 

Ditto, 

y, Denkflchriften der kaia. Akademie der Wiaeenachaftea, Band XXXI— XXXII, 

(1872), 4to., Yienna. 

Thb Yibvba. Acxdemy. 

„ Sitsongaberichte der kais. Akademie der Wissenachaften — 

Band LXII, Abth. I, heft a-4» Abth. II, 4—6. 
„ LXin, Abth. I, heft 1—6, Abth. H, heft 1—6. 
LXIY, Abth. I, heft 1—6, Abth. II, heft 1—6. 
LXY, Abth. I, heft 1—6, Abth. II, 1—6, Abth. Ill, heft 1—6. 
ITith Register LXI— LXIY, (1870—1872), 8va, Yienna. 

Ditto. 

WABHivOTOJr.— Hatbbb, F. Y. — ^Freliminaiy Beport of the United States Geological Sarrey 

of Montana and portions of adjacent territories, (1872), Bro., 
Washington. 

F. Y. Hatdbb, U. 8. Gbolooical Subtbt. 

n Hatdbv, F. Y.— Final Beport of the United States Geobgieal Sorrey of 

Nebraaka, (1872), Bro., Washington. 

Ditto. 

n Hatdbv, F. Y. — Supplement to the fifth annual report of the United 

States Geokgioal Sorrey ^ the territories for 1871, (1372), 9wo^ 
Washington. 

Ditto. 

„ Thomas, Pbof. C— Lista of elerationa and distaaees in that portion of the 

U. & west of the Missisi^ BiTer, (1872,) 8to.» Washington. 

Dttio* 

Wbluboiob.— Hbctob Jambb.— Phormiiim Tenax as a fibrous pbot, (1872), Sto., 

WeOiDgton. 

Thb Gboumiical Scbtbt of Nbw ZmALum, 
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Titles qf Boohs, Domore. 

WsLUiroTOjr.— HVTTOH, F. W.*-€l«Ulogiie of the marine MoUuacaof New Zealand, (1873)» 

8T0.9 Wellington. 

Thb OaoiioaiCAL Bubyxt of New Zbixaitb. 



»t 



Transactions and Proceedings of the New Zealand Institate, Vol Y., (1873), 
8va, Wellington. 

Ths Instituts. 

ToKOHAMA. — Mittheilnngen der Deutschen C^ellschaft for Natur and Yolkerknnde 

Ostasiens, Heft., 1 Mai, (1873), flsc., Yokohama. 

Thb Societt. 

ZiIbich.— Nenjahrsblatt Ton der Natnrforsohenden G^esellschaft, Nob. 73—74^ (1871-72), 

4to., Zurich. 

NlTinUL HiSTOBT SOCIBTT, ZUBICH. 

„ Yierte^ahrsschrifb der Natnrforschenden Gesellschaft in Zurich, Jahrg. XY, 

heft 1—4 and XYI, heft 1—4, (1870-71), 8to., Zfirich. 

Ditto. 

The Sa October 1873. 
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Ahnttal Befobt of the Gbolooical Subvby of India astd of the Geological 

Museum, Calcutta, fob the teab 1873. 

For tbe first time since the institation of the Geological Survey of India, it devolves 
upon an Officiating Superintendent to draw up the Annual Prepress Beport. Dr. Oldham, 
who may be said to have founded the survey, was compelled for the first time, after more than 
twenty-two years of continuous service, to take sick-leave to Europe early in April. For 
many months previously it had been strenuously urged upon him that rest and change of 
climate were necessary for his health. Even when he did leave India, it was to work hard in 
putting our collections into order in the Exhibition at Vienna ; and the high merit officially 
awarded to those collections is largely due to his personal exertions on the spot as well as in 
India. The Superintendent's absence being only for a season, no change of method has been 
made or proposed, as unless permanently adopted such would only be mischievous. This 
report will therefore be as brief as possible. 

It should be remembered that the progress reported on relates to the work accomplished 
during the field-season ending in April, May, or June, according to position, and brought into 
form during the recess for the monsoon ; a preliminary notice being added of the distribu- 
tion of the field work for the season opening in October and November. 

I am unfortunate in having to chronicle a season of particularly slack work. Besides 
the absence of the usual number of the staff on. sick-leave, several causes supervened to 
disturb what must be considered the normal work of the Survey. These interruptions were 
more or less unavoidable, and are to be taken as work done, under which head I have 
here placed them. In some cases at least the advantages gained, special or general, will 
compensate for any loss to our yearly tale of ground surveyed. 

For the last half of the year six out of our small staff were absent. Mr. Blanford has 
been in Europe for the whole twelve months. Hard work in Persia made it necessary for him 
to take sick-leave ; but he has been busily engaged in working out the very valuable zoologi- 
cal collections he took home with him from those little explored regions. He has also been 
mindfol of Indian Geology in giving to the Society of Arts an excellent abstract of our 
work as illustrating the mineral resources of India, besides several papers of scientific interest 
read to the Geological Society and to the British Association. Mr. Fedden has been absent 
on sick-leave for the entire year. After a long struggle with an exhausting illness, 
Dr. Waagen was compelled to take sick-leave at the end of December 1872. Till the day 
of lus departure he laboured at the description of the Jurassic fossils of Each, leaving the 
first portion of the work ready for publication, and a quantity of manuscript and plates 
in an advanced state of preparation. The Survey was especially fortunate in securing the 
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services of Dr. Waagen for this work« as he had already achieved a sotmd reputation by his 
researches in formations of corresponding age in Europe. We have to hunent that the tidings 
of his health are very unfavorable. As ahready noticed, Dr. Oldham had to go on sick-leave 
early in April. We may, perhaps, hope that improved health, and relief firom the interrup- 
tions and preoccupation inseparable from the duty of directing widely scattered operations 
and correspondence, may give him leisure to mature the long expected introduction to the 
geology of India. The absence of Dr. Stoliczka, although depriving us for a time of oar 
palfiBontological oracle, is not to be regretted when we coueider the service he is engaged on. 
Every arrangement had been made for him to attend the gathering at "^enna as the rightful 
exhibitor of the most interestiug part of our collections, and where there was so much to 
attract him, but he eagerly gave it all up to seize the opportunity of visiting a new field 
of research as naturalist with the Mission to Tarkand. In spite of the great suffering he 
endured in crossing the Eorakorum range at so late a season, he has already contributed an 
interesting sketch of his observations of that ground. Before leaving, Dr. Stoliczka had 
just completed the publication in the Palseontologia Indica of his highly valued work on the 
Cretaceous Fauna of Southern India. The remaining absentee is imfortonately to be recorded 
as permanent : Mr. J. Willson, after his brief connection with the Survey, finding that the 
duties were more than his health was able for, transferred his services to the Educational 
Department, in March. The loss thus sustained by the Survey of an officer whose thorough 
training in science gave promise of high efficiency, is not to be made good ; tiie Govern- 
ment having decided that the pay of this appointment is to be devoted to the experimental 
institution of native apprentices. 

Although the staff of the Survey is nominally divided into three parties, under Deputy 
Superintendents corresponding with the three chief Presidencies, it has never been found 
convenient to adhere closely to this arrangement. Those who have studied certain forma- 
tions must follow them out irrespectively of fiscal boundaries ; and in so large a counfary, 
where communication is often difficult, it is commonly most convenient that each geologist 
should communicate independently with head-quarters in Calcutta. The work may there- 
fore be most intelligibly noticed with some attempt at natural order, commencing with 
the formations to which our coal-measures belong. 

In the south, Mr. King accomplished a very satisfactory season's work in the r^on of 
the lower Godavari. He revisited the Singareni coal-field, which he had discovered and 
described in the preceding season. Numerous trial borings had meanwhile been put down 
by the Nizam's officers, and a considerable amount of coal proved, although the seam was 
not found to be continuous throughout. The Beddadanole coal-field was fully examined ; 
and although no outcrop was discovered, there is considerable hope tha coal exists. Mr. 
Sang gave full directions for prosecuting the search by borings, and orders have been given 
by the Madras Gk)vemment for their being carried out. This field is not, like the Singareni 
field, drcumscribed within very narrow limits by the older roeks. The actual area of measures 
exposed is not larger than that of Singareni ; hut the rocks are seen to pass beneath an 
extensive spread of a younger formation, and there is at least a chance of there being a con- 
siderable field, much of it in British territory. In this region we had hitherto only 
discriminated three members of this great rock-series ; namely, the Talchirs, the Barakani, 
and the Kamthi sandstones, which Mr. Blanford had followed down the Godavari and 
Franhita valleys firom Chanda and Nagptbr, where he had, from the evidence of the fossil 
plants, ranked them in the Damuda horizon. From other fossil evidence found in tbis con- 
fused upper sandstone series of the Godavari bann, it has long been considered that in 
part at least it represents formations younger than the reputed age of the Damudas. The 
obacurity regarding the correlation of this whole series of rocks with established formations 
has been owing to the fiulure hitherto to link any important portion of it with beds 
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oontainiag a dietinctire marine fiiuna. Such a oanneotioa hae long •einoe been made for the 
Bajmalial group, throogh the Kaoh depodts ; bat ihe oonneodon of the B^jmahal group itself 
in its typind area with the main rock-sMriea is Teiy unoertain. Mr. King has at hist been 
flo fortunate as to hit upon what may yield a clue to our puzzle— a fossiliferous zone of marine 
beds at Bagavapuram, thirf^y miles due west of Bajamandri, well intercalated with 
the upper sandstones, continuous with those overlying the Beddadanole coal-measures. 
In the same region, at Innaparaz Katapili, thirty miles north-north-east of Gooonada, 
he also found fossils, in some detached sandstone beds along the northern margin of the 
(jodavari delta. Hiese latter fossils have been recognised by Dr. Stoliczka as on the 
horizon of his Oomia zone (uppermost Jurassic) in the Kach series, the same which 
had long since been assimilated to the Rajmahal group. The Bagavapuram fossils did 
not reach in time for Dr. Stoliczka to examine them. They are at least specifically different 
from those of Innaparaz, and underlie a rock which Mr. King conjectures to represent 
that of the outliers. The facies of them, so far as a non-expert can pronounce, is Jurassic. 
Above all these rocks, and underlying the trap, Mr. King discriminates a belt of sands with 
a thin limestone, characteristically similar to the Lameta or iofra-trappean group of the 
Central Proyinces, and which he conjectures to be cretaceous ; the fossils in the limestone 
being distinct from those of the well-known Pangadi inter-trappean bods close by. The 
working out of all these suggestions is of the greatest importance to the geological history 
pf India. 

In this connection notice may appropriately be taken of a document quite recently pub- 
lished and circulated by the Government of Madras. It consists of a latge-scale map, in 
divers ooloors, of a small area on the Kistna river about fifty miles south-by-east of the 
Singareni coal-field; with an explanatory text by Colonel Applegath, in which the old 
aasertions are repeated regarding his discovery of coal there many years ago, with the addi- 
tion that, having recently visited the coal-fields of the upper Damuda valley, he is in a 
position to assert the geological identity of the formations. It only needed this to complete 
the anomaly. Whatever possibility there might be of a coal being found in these rocks, quite 
distinct from that of the Indian coal-measures and unobserved by more recent explorers, 
it is really not within the range of possibility that several geologists of experience should 
so utterly confound rocks with which they are perfectly familiar. The ground referred 
to is the northern extremity of a large geological basin, of whioh a map with detailed des- 
cription was published during last year in the MemoirB of the Survey. Working from 
the south* Messrs. King and Foote had no hesitation whatever in identifying these 
rocks on the Kistna as part of the connected series of Kadapah and Kamtil rocks, in the 
examination of whioh they had been engaged for several consecutive seasons. After the com- 
pletion of that work Mr. King moved northwards, and found no difficulty whatever in recog- 
nizing the true coal-bearing series in the Singareni field, for the exploration of which by 
borings he gave indications which have proved successful. An account of this was also 
published during last year. Still we find the false prophets apparently in as great favor as 
ever with the authorities in Madras. Comment on such proceedings would be superfluous. 

More to the north, in the Godavari basin, Mr. Hughes was engaged for the whole season 
in the Wardha coal-field ; but frequent intermptions greatly retarded his progress towards 
completing the examination of the field. Several weeks were taken up in connection with 
Mr. Bttuerman's deputation to examine the iron-deposits. Time was also spent in interviews 
with the mining officers of His Highness the Nizam, and in selecting sites for borings at 
Warora and Pisgaon. The chief independent result of the season was the demarcation of 
the small detached coal-field near Chimur, which may yet be of importance in connection with 
the iron ores of the neighbourhood. In examining the zamia-bearing zone on the south- 
west margin of the field, Mr. Hughes found a small coal-seam in it at Balanpur^ which 
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GoriouBly repeats the obaraoten of the Beaoui on the same horizon in the Jabalpur group of 
the Narbada region. In the Wardha field two pits have been sunk to the coal, one at 
Waroxa in the Central Proyinces, and one at Pisgaon in East Berar. 

Mr. Medlicott took up his work in the Satpnra, with the understanding that he was to 
carry out the examination of the formations so closely connected with the coal-measures there, 
and by which these are concealed ; while at the same time he was to afford geological guidance 
for the borings he had recommended in the Narbada valley. The executive management of 
these was entrusted by the local Goverzmient to Mr. Collin, a mining engineer, or ooal- 
viewer, sent out from England for the coal exploration in the Central Provinces. Both the 
personal and material provision for these trials proving utterly inadequate, Mr. Medlicott 
was afterwards called upon to supervise the execution of the work. Thus the geological in- 
vestigation was stopped, in the vain hope of preventing the inevitable collapse, under existing 
arrangements, of the experimental work. The work Mr. Collin had executed was so bad that 
it had to be abandoned ; while Mr. Medlicott, owing to this fruitless interruption, was only able 
to complete his examination of the lower Dudhi valley, with a view to fixing the sites for the 
borings there. Late in March the borings at Gadarwara and Sukakheri were recommenced 
under the immediate charge of Mr. Stewart, a very intelligent and trustworthy employ^ on 
the Great Indian Peninsula Bailway, whose services were obligingly placed at the disposal of 
Government by the Agent, and under the supervision of Mr. Cooke, the Executive Engineer 
at Narsingpur. 

These trials were undertaken upon the fully discussed possibility and a reasonable 
probability that the Satpnra coal-measures might here extend from the Sitariva field beneath 
the alluvial plain. No depth could be assigned for these covering deposits. From 200 to 600 
feet was given as the probable range. Considering the delays and difficulties to be contended 
with, the progress up to date must be taken as very creditable to those in charge of the 
work. Insufficient and defective piping has been throughout the chief difficulty. The boring 
at Gadarwara had to be stopped at the end of October, as the piping could not be driven 
beyond 226 feet, and there were no pipes of smaller diameter to sink within those that had 
stuck. The rods were put down to 251 feet, still in alluvial ground ; but the hole could 
not be kept clear without the piping. At Sukakheri work was in progress at the 
close of the year, the piping having reached a depth of 330 feet, stiU in alluvial clay. Thus, 
of course, we as yet know nothing as to what rock underlies these deposits ; the great 
thickness of which will prove a great impediment to mining enterprise should coal be 
found beneath them. 

In view of the great extension of boring operations in all parts of India, it is to be 
regretted that there is still much misapprehension regarding the nature of the work, and 
consequently want of system and concert in the management. Next to the important object 
of these operations, the work of the Geological Survey is the chief sufferer from this defect. 
Among homogeneously civilized communities it is duly recognised that boring is a branch 
of engineering ; that although the geologist might ^ve the safest indications for the position 
and prospects of a boring, he would probably make a bungling attempt at executing the work. 
The mining engineer is supposed to, but very rarely does, combine these two branches of know- 
ledge so radically distinct In all new and intricate cases the greatest safety lies in the combined 
action of independent experts. This combination might no doubt be obtained in India as it 
commonly is in Europe, both elements being present. Such undertakings are, however, new to 
this country ; and we have not got beyond the prima facie point of view : because the 
nu^iority of engineers will declare that they know nothing about boring, and the geologist 
cannot disown his connection with the business, it is assumed that the latter must be the 
best man for the whole job. The mistake is very similar to insisting upon a zoologist 



PART 1.] Annual Report for 1873. 5 

or a meti^hTsicuai perfonning the Caesarean opemiioii becaiue a number of foigeons 
standing by choae to excnae themselTes on the plea that the j had nerer seen the thing done. 
No doubt a man of intdligenoe and edncation cac always make some nsefid attempt at 
the snperyision of mere skilled labour ; and I have no doobt that Mr. Stewart would ac- 
knowledge his obligations in this way to Mr. Medlioott; bat it is a UA that this gecJogist, 
when he was ordered to take charge of the borings he had reoommeaded at Gadarwan, 
had only once befine seen a boring in a casnal waj, and did not know the diffierenoe between a 
crab-winch and a jack-role, between a wrench and a spanner. I cannot bat think that ^fh 
important operations^ depending entirely npon mechanical ingenuity and resomcesb shoold 
be under proper pr ofession a l control and responsibility, and also that this should be forth- 
coming in some branch or other of the Department of Public Works. 

In the Damuda basin Mr. J. Willson spent the season in retracing the li nw of the 
Karanpura ooal-fidds on the newly iBsoed maps of the Hazaribagh district 

Mr. Hacket was inddentaOy engaged npon these same formations, in adding to our 
collection of fossil plants from the Jabalpur group ; but his chief oceupation for the season 
was to tzace the boundaries of the Yindhyan and older rocks on the new maps along the 
northern side of the Karbada valley in the Jabalpur, Narringpur, and Hosungabad £sUicis, 
and at the same time to add to our cdlections from the ossifintms valley deposits. Mr. 
Hacket filled in a laige area. 

In the same region, more to the north-cast, Mr. W. L. Wilkon carried on the work 
of previous seasons, completing sheets 3^ 35, 37, 47 and 48 of the new Topogiaphieal sur- 
vey of Riwah and Bandelkand, indtiding rocks of the Yindhyan, the B^awar, and the 
gneissic series. 

Mr. MsDet, having had much experience of the crystalline and metamorphie rocks in 
Baadelkand and tibe 8dn vaOey, toc4c up an important section of the same roieks in 8o«tJi 
Bdiar, with the advantage of the new large-scale maps of Hacaribagh. 8o ^ as the 
comparatively smaD area of one season's detail-work can be tmsted, there seems to be no 
marked stntigraphieai break between the quartzite and slate series of Befaar and the gneiss 
of BengaL In the middle of the season Mr. Mallet was recalled for some weeks to Csl- 
cutta to prepare oar mincnk^gieal eoUediuns ix the Vienna Ezhibitkm. 

Far to the south-west of the opeiationi already noticed, Mr. Foote was at woric in the 
South Mahntta covntiy. A section was run aerass the gneissie area lying between BeOaiy and 
the Malpaiba river, a littie to the north of which the sooth boundary of the KaJadgfai 
was finssfd, and the previous season's work joined on. Varioas parts of the groand 
Ealadghi were gone over again to dear up obscuie points. Hie sooth-esat part of tbs 
Kaladghi basin wm then surveyed, jnrlnding the line of outlions extending to Uadjandctgarii. 
From this point the south boundary was carried west to Moigod in Bdgaom district. So 
much of the gneiss area was gone over as was necessary to dose in the north-east quarter 
of sheet 41, and to connect the several quartzite outliers with ik^ geneal work. After 
completing the above boundary, work was eaxxidd. on in ihe qoartzile area around ToragaJ 
and Bamdniz, till it became neeeasaiy to move into Ksladgbi to arrange axid d^j^afeh the 
collection of ge(4opcal q>erimiqis for the Vknna Exhibition. 

The work rrm lining to be noticed is eztemal to the rodE-area of the Pexiinsala. lo the 
extreme north-westy Mr. Wynne was engaged in working out the groond to the north «f the 
Salt Bangs where the tertiary series oceufnes a Istge area and iomks the outer ridges of the 
mountain region. Tlie top and borttan horiioas are identifiaUe with the Sivalik and SuLoillka 
groi^ of the sections fv to the east, but the same marked divisions «r the secies a» not 
eAptesMd in the west as in the east. At the base here, ahhongh the purely 6trud.aral fcatoies 
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are remarkably like those in the Subatha region, upper secondary formations hare been idanti- 
fied in sequence with nnmmulitic deposits, and of which no trace has as yet been found in 
the sections described to the east. The presence of snch a dose sequence of formations 
would in itself go far to negatiye here the interpretation that has been given of the features 
in the Simla region, and thus support Mr. Wynne in rejecting it for the ground he describes. 
But it is quite possible that both may be right. If widely different modes of aetion did not 
occasionally produce similarity of result^ the art of observing would be much simpler than 
it is. These existing discrepancies of fact and of opinion can only be adjusted by the exami- 
nation of the long stretch of intervening mountains between the Jhilum and the BavL 

On the south-east side of India, Mr. Theobald completed the survey of Peg^. This 
work was commenced in the close of I860 under Mr. Blanford, assisted by Mr. Fedden. 
In 1862 Mr. Theobald took Mr. Blanford's place ; and since 1864 he has been alone at the 
work, and for eighteen months absent on furlough. On the north the limit of this work is a 
very broken one ; all the formations have a north and south strike, and are thus absolutely 
cut off along the frontier. On the east the boundary is very regular and natural. At a 
little to the east of the Salwin in Martaban, along a very steady line, the tertiary formations 
rest against crystalline matamorphic rocks. The g^und to the east of this has not been 
surveyed topographically. No one who has not made the attempt can form a conception of 
the difficulty of observiug the rocks in a wild tropical region. Bank vegetation produces deep 
soil ; and where the rocks themselves are not very hard, as is the case ^th much of these 
tertiary formations, one may march for days through a hill ooxmtry without getting a fair 
section of rock in place. There thus remains a great deal to clear up in the geology of 
Pegu ; but the description now published will form an admirable guide to further investiga- 
tions. Fossils, too, seem to be very scarce. Enough only have been discovered to establish 
the presence of triassic, cretaceous, and nnmmulitic strata forming the Arakan Tomah, 
beneath the general mass of younger tertiary deposits on the east» forming the Pegu Tomah. 
The south-eastern districts of this province form a totally distinct geological field from that 
now completed by Mr. Theobald, as marked by the eastern boundary of this area. They are 
entirely formed of crystalline and sub-metamorphic rocks, in which there is much promise 
of metalliferous deposits. On this account the mining engineer appointed as mining 
geologist to the Survey has been deputed to examine those regions. Mr. Fryar reports 
directly to the Chief Commissioner of British Burmah. 

Mr. Ball's work for the season has not yet been noticed : till the middle of Februaiy he 
was engaged in accompanying Mr. Bauerman to some of tiie coal and iron-fields of Bengal 
and the Narbada vaUey. It was quite out of the question that Mr. Ball could then take up his 
work in the distant wilds of Sirgtga ; so he occupied the time most usefully in completing 
the arrangement of our collections for the Vienna Exhibition, 

Even if Mr. Bauerman's deputation to India had not so directly touched upon the 
work of the Geological Survey, it would call for notice here. He is the latest, and no doubt 
the most competent, of a series of experts sent out from England to report on the prac- 
ticability of iron manufacture in India on European methods. His preliminary report con- 
taining the general result of his observations has been published ; but the question seems 
to stand pretty much as before. Mr. Bauerman has simply restated the case in a more 
intelligible form than some of his predecessors, but no more so than it has all along been 
expressed by the Geological Survey — ^that, under existing circumstances, the Banig^nj coal- 
field is the most promising phice for a trial, the principal defect there being the flux ; and 
the Survey has been called upon to furnish further data. The only good to be expected 
from Mr. Bauerman's visit is, to establish the opinion that actual trial must be the next 
stage of the enquiry. As an accomplished metallui^st he may also suggest what recent 



partI.] Annual Report for 1873. 7 

impioveineiits in the art would be moBt suitaUe to the circamstanoes ; bat, of course, whoever 
nay be entrusted with the conduct of the experiment would form his own opinion upon 
this point. Meanwhile further search is being diligently made by the Survey for means 
of surmounting the known material deficiencies. 

In the foiegoing pazagcaphs frequent mention has been made of the Vienna Exhibition 
as haviiig caused interruption to work daring the field season, which is already so restricted 
by the conditions of the Indian climate. This was duly noticed by Dr. Oldham in his 
last report ; and it was shown how largely this circumstance was due to the present crowded 
and confined condition of our museum and offices, whereby we have been prevented from 
maVing even such collections for head-quarters as would sufficiently illustrate our field-work, 
and much less provide duplicates for distribution or for exhibition elsewhere. It is satis- 
fibctory to know that this disability will certainly be shortly removed by our removal during 
this and the ensuing year into the new Imperial Museum buildings. Once the drawback 
I have mentioned is removed, the occasional muster of a special collection for foreign exhibi- 
tion will be altogether a gain— as an incentive to keep up to date, as a means of effecting 
valuable exchanges of specimens, and, not least, as an opportunity for selected officers to 
i«new their acquaintance with men and things in more civilized regions, and to improve 
their knowledge in the highly progressive sciences with which we have to deal. 



During the present season the distribution of the work is in continuation of that of 
last year except in the cases of the following offioers : Mr. Theobald has been transferred to 
the Korth-West Provinces. One of the most interesting problems of Indian Geology awaits 
■olation there — to get materials for unravelling the palieontological sequence in the immense 
series of deposits based (transitionally) upon the marine nummulitics, and ending above in 
the deposits containing the great mammalian fauna known as Sivalik. A first step in this en- 
quiry will be to discriminate the proper horizons for the species of the numerous fauna now 
known as ' SivalensiMy derived firom strata for which very different stratigraphical positions 
have been subsequently assigned. 

On the argent requisition of the Grovemment of Bengal to have a mineral survey of 
British Sikkim and the fringe of the Himalayan range to the east, principally in the hope of 
discovering some serviceable coal deposit, Mr. Mallet has been detached for that duty. The 
chief expectation of success rests upon fact that rocks of the Damada age, containing the 
well known fossil plants of the Indian coal-measures, are known to occur obscurely along 
the inner boundary of the tertiary sandstones flanking the mountain range. The occa- 
sional carbonaceous deposits in these younger formations themselves have nowhere^ as yet 
seen, offered any encouragement to extended search. 

Mr. Hughes has been deputed to carry out some special inquiries regarding the con- 
ditions for iron manufacture. He has already reported briefly upon the available deposits 
of Kumaon, and is now engaged in bringing together additional information to reduce 
the difficulties of the undertaking in the Baniganj field. It is hoped that there will still 
be enough of the working season left to admit of his completing the examination of the 
Wardha coal-field. 

Mr. Ball has for the present taken up Mr. Medlicott's work in the Satpura region ; 
and is to afford geological guidance for the boring operations. Mr. Hacket has resumed 
his work in Bi^putana, which had to be suspended some years ago on account of the famine 
in that region. Mr. Medlioott is to devote what time he can spare for field-work to an 
examination of the coal recently discovered in the Garo hills. This coal can be certainly 
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identified with the cretaceous coal of Siju and Maobilurkar in the same region. It appears 
to lie in an interior basin, the existence of which was not suspected. Until within the last 
five years these hills were as completely, on a small scale, a terra incognita as Central Ana, 
all approach being forbidden on account of the savage propensities of the inhabitants. 

It remains to notice a new feature in the oonstitntion of the Survey. It was sud above 
that the last vacancy that occurred in the staflf, by the transfer of Mr. J. "Willson to the 
Educational Department, has not been filled up, the Government having decided to devote 
the pay of that appointment to the attempt to train native geologists. The scheme has in 
a way grown out of, though it can scarcely be said to be a development of, endeavours made 
by Dr. Oldham from time to time to establish teaching in oertun branches of science in 
connection with the Geological Survey, that some general knowledge of these subjects might be 
difEused, and no doubt with the ulterior view that if this teaching bore fruit, the Survey might 
benefit by obtaining competent workers. Dr. Oldham's proposal would have involved some ex- 
pense, in the shape of remuneration to the teachers. The present scheme avoids this objection, 
but is not free from others. It begins by curtailing the effective staff of the Survey ; for 
years to come, moreover, these attached students must be a direct incumbrance ; and there \a 
small guarantee that they can ever be otherwise ~that they will ever be fit for independent 
work. The superficial discrimination of stones that used to pass muster as geology, and does 
so still with the majority, is really of no kind of value in the present state of knowledge. 
Geological observations to be of any use or interest must include much that is not obvious 
to the naked eye. And in any country like India, where the means of locomotion are so 
cumbrous, a surveyor who cannot describe and discuss his observations, or who cannot be 
trusted to observe correctly, is comparatively useless, as it takes nearly the whole time of a 
competent man to check and direct his work. It is not here assumed either that natives 
cannot be taught geology, or that it requires a high order of intelligence to attain moderate 
proficiency as a geologist. It does, however, essentially require a modernized intelligenoe ; 
the work being even in its lowest steps the rational interpretation of nature— the most element- 
ary positions of the science being not statements of obvious fact, but inductive conclusions 
through a postulated causation. It is this that makes geology so singularly inappropriate 
for the^nitiation of the primitive cast of mind. (Geology is pre-eminently a science having 
no corresponding art or practice in the proper meaning of the words, in which work can be 
done according to prescribable rules. Every geological act involves a deliberate judgpnent. 
The industrial undertakings occasionally based upon such judgments, involve only mechanical 
skill of a rough order, requiring no recognition of geological principles. These remark 
may seem somewhat fine-drawn ; but I think it right to represent this experiment for once 
under its essential conditions. The natives of India having as yet shown such little apti- 
tude for acquiring physical knowledge in any of its branches, there seems small encourage- 
ment to force them directly into the application of one of the most complex developments 
of that knowledge. There are to be four native apprentices ; one joined in March last, and 
three are about to join. They are all students of the Lahore College, no applicants having 
come forward from the North-Westem Provinces. Their qualifications consist of a moderate 
knowledge of English and of elementary mathematics. It was at first prescribed that they 
should be immediately put into geological harness. But sanction has now been given to 
their attending one or more courses of physical science lectures at the Presidency College. 
The fact of their being already appointed to the Survey, though only as probationers, is not 
perhaps the most Hkely way to stimulate their studies. At the worst we may look forward 
to utilizing them as fossil-collectors. 

PTrBijCATiOK8.—The quarterly Bbcobds of the Gbological Sttbtet of Iitdia have 
been published regularly, containing numerous papers, both of general interest and of practi- 
cal bearing. The first number, besides the annual report, contains a sketch of the geology 
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of the North-Weet Provinoes. This is the only provinco in India of which every part has 
been, more or less, cursorily visited. In the second number there is a map and description of 
the Bisrampnr coal-field, which is about the centre of the extensive spread of these formations 
nearly continuous in the region of the upper S6n and the northern tributaries of the 
Mahaoadi. The coal-basins of this latter area will beoome of great importance when the 
direct route is established between Calcutta and Bombay. Mr. Mallet contributes addi- 
tiooal mineralogical notes on the crystalline rocks of south Mirzapnr. In the Augpist 
number there is a brief diMussion of the question of the geological age of our old river valley 
deposits, in which during the season's work in the Narbada valley Mr. Hacket had found 
a most symmetrically formed stone implement. The ol^ect of the paper is, by an examination 
of the stratigraphical features, and t^e comparison of them with those of established form- 
ations in Europe, to give a purely geological statement a most interesting question that had 
hitherto rested upon somewhat vaguely expressed palssontological surmises. A preliminary 
notice is given by Mr. King of the Beddadanole coal-field, about thirty-five miles north-west 
of Biyamundri, and by &r the nearest known deposit to the sea-board of the Godavari delta. 
Am yet nothing can be said of the prospects of the field. The trial borings are only commenc- 
ing. Mr. Wynne contributes a sketch of the geology of the Bawal Pindi region, showing 
the enormous continuous development of the tertiary series. A comparative statement of 
the coal-measure areas of different countries, as compared with India, is drawn up by 
Mr. Hughes; and Mr. Theobald gives a description and list of the brine-springs of P^u, 
the exploitation of which is now almost entirely superseded by the importation of salt and 
the manufacture of sea-salt The fourth number contains a note by Mr. Hi^hes on some 
iron deposits of Chanda, Mr. Ball's description of Barren Island, and some memoranda by 
Ifr. Theobald upon the metalliferons localities of British Burmah. 

Of the Mbmoibs of thb GnoLOftiCAL SuBVBY OF India, the first part of volume X 
was issued early in the year. It contains a carefully written description by Mr. B. Bruce Foote 
of a laige tract of country dose to Madras, comprised in the eastern half of sheet 78 of 
the Indian Athw. This is separately issued in two quarter sheets, geologically coloured. 
Besides the gneiss, the oldest formation occurring here is that well known in Indian geology 
as the Bajmahal groups the Oomia zone in Dr. Stoliczka s classification of the Kach rocks, 
and considered by this most competent authority to be of uppermost Jurassic age. There 
are also several distinguishable deposits of tertiary and post-tertiary age, in some of which 
are found the rude stone implements described by Mr. Foots some years ago. This part 
also contains a tentative sketch with skeleton map of the Satpura basin of the coal-measure 
series by Mr. Medlioott This ground seems to offer a fuller development of this great 
rock-series than any other area in India— firom the zamia-bearing Jabalpur group, pro- 
bably the same as the Rigmahal, through the Mahadeva strata and underlying beds 
presumably of Panchet and Damuda (Kamthi) affinities, to the typical Barakar and Talchir 
rocks at the base. Parts of the northern nde of the basin were carefully examined, the 
lie of the coal-measures discovered, and indications given for trial borings. Part 2 of this 
volume, contaming Mr. Theobald's description of the geology of Pegu, b also virtually pub- 
lished, the whole impression having been struck off in October, the deby being in the litho- 
graphing and colour-printing of the map. 

The issue of the Palaontolgoia Indica for the whole year was made in April and 
May. With a view to the Vienna Exhibition, and to admit of his going there himself. 
Dr. Stoliczka made great efforts to get in advance of his work. The parts then issued contain 
the Echinodermata, Anthozoa, Sponges, Foraminifera, Arthrozoa, and Spondylozoa, forming 
the fourth and last large volume of the Cretaceous Fauna of Southern India. The fullest testi- 
mony has been offered by the most competent authorities to the excellence and value of this 
work. For the same object an effort was made to prepare and issue the first fasciculus of the 
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series describing the Jurassic fimna of Ksch by Dr. Waageo. It contains the Belemni- 
tid» and Nautilidss , and was issued in June, being the number in advance for the first 
quarter of 1874. There is a quantity of manuscript and of drawings in an advanced staie 
of preparation, and if either Dr. Waagen or Dr. StoHczka is able to return, even late in 
the year, the publication can be readily brought up to date. 

Maps. — The first of the systematic publication of our maps on the scale of one inch 
to the mile, as recentiy sanctioned, was made this year by the issue of the twelve sheets of 
the district Dumoh; several sheets of the adjoining region are ready to send to press. 
I cannot but express my decided opinion that the publication of the g^reater part of our work 
on this scale is premature and wasteful, neither the maps nor the geology being worth it. 
I say this advisedly, and because I am quite prepared to defend the excellence of the maps 
to the degree of accuracy that can be expected in them. We have for the most part to dcsl 
with rocky and hilly ground, and tracts of this description generally come under the Topo- 
graphical system of survey. It would altogether defeat the objects of this mode of surrey, 
which are expedition and moderate cost» if it were to attempt the same accuracy of detail that 
is expected from the method of the Revenue Survey. For all ordinary purposes of geogra- 
phy, and for all rough practical purposes, as well as general geological structure, these maps 
are all that need be required. But close geological work is as severe a test as a map can be 
put to ; and I have often had to give up the attempt to make the geological features agree 
accurately with the lines of these maps. I can speak even more positively of the geol(^cal 
objection. Take these very maps of Dumoh ; they only represent the boundaries of the 
overlying trap, the divisions of the Yindhyan series (generally several hundred feet in 
thickness), and the outcrops of the inter and infra-trappeans, all in the simplest relation of 
horizontal superposition. There is no single feature of scientific interest or of practical 
ttiliiy calling for any minuteness of delineation, and that cannot be adequately indicated on 
the quarter-inch scale. It is certainly necessary that the field work should be executed on 
the one-inch scale if only to ensure all possible accuracy on the smaller map ; but once this 
reduction has been carefully made, and with an explanatory text, it would be of small 
consequence if the field-maps were destroyed. The most complete geological map possible 
would be of no use in the hands of one who scarcely knows one rock from another ; and 
for one who does, the quarter-inch maps will be sufficient guide over nine-tenths of the 
geological work likely to be done in India for many a year to come. 

While on the subject of large scale maps, I would urge the importance of having really 
adequate working maps of certain tracts where the utmost amount of accuracy and of geologi- 
cal detul is called for. Such a map is now greatly needed on the scale of four or six inches 
to the mile for the Baniganj coal-field, where ntining enterprise \a so active. 

Of the Atias of India maps, quarter sheet 11 S. W. was published during the year; 
and several of the adjoining sheets are ready for the engravers. The printing of these has 
not been pressed on account of some uncertainty as to corrections, which could not be settled 
in the absence of Mr. King. This is of less consequence, as a skeleton map of most of the 
area was issued with the descriptive memoir published last year. As these Atlas sheets are 
to be our final and general form of publication, it is of great importance to decide upon a 
permaifent scale of colours, so as to have the series uniform ; and it is Y&ty difficult to do 
this safely while the scale of formations itself is under discussion. Once this difficulty is 
surmounted, wo shall be in a position to publish a good number of these quarter sheets. 

LiBBABY. — The library has received the addition of 614 volumes or parts of volumes 
during the year, of which number 477 were presented, and 137 purchased. This number 
would have been ranch larger, save for the unfortunate miscarriage of a large consignment 
of books from Berlin. It is hoped that the case has only gone astray and will be recovered. 
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It has now been several months missing. The detailed list of these additions has been 
regularly published in the Rbcobds ; and a list of the instituti<ms from which presentations 
or exchanges have been received is annexed. 

Mttsbitm. — Occasional donations to the mnsenm have been dnly acknowledged in the 
Bbcosds. Mr. Mallet was able, daring the recess, to get through a considerable section of 
his descriptive catalogue of mineral collection, the preparation for the Vienna Exhibition 
entailed no small additional labour upon all hands ; but the success achieved has been most 
gratifying to all. The parts of those collections to be received back have not yet arrived. 
The series of specimens in the museum are in good order. 

H. B. MEDLICOTT, 
Ofy. Swpdt, qf Choi, Survey, India, 
Calctttta, ^ ajid Diredor of OeoL Museum, CtdeutUn^ 

January 1874. J 



IM of Sodetiee and other Institutions, ^c,i from iohiehpublieaUons have heen received 
in donation or exchange for the Library qf the Geological Survey qf India during 
the year 1873. 

Batayia. — Royal Society of Batavia. 

Belfast. — Natural History and Philosophical Society of Belfast. 
BsBLiK. — German Geological Society. 
„ —Royal Academy of Science. 
Boston. — Boston Society of Natural History. 
BsuxBLLBS. — Royal Academy of Science. 
Calcutta. — Asiatic Society of Bengal. 
Cahbbidoe-Mabs. — American Academy of Arts and Sciences. 
„ —Museum of Comparative Zoology. 
Chbistiakia. — Royal University. 
CoPBKHAaEN.-— Danish Academy. 
Dbbspbn. — The Isis Society. 
Dublin. — Royal Dublin Society. 

„ — Royal Geological Society of Ireland. 
Edinbubqh. — Royal Society of Edinburgh. 
FLOBBNCB.»-Geologica] Commission of Italy. 
Glasgow.— Philosophical Society of Glasgow. 
Gottingbn. — The Society. 
Indianapolis. — Geological Survey of Indiana. 
Lausannb.— Society of Natural Sciences. 
LiVBBPOoL.— -British Association for the advancement of Science. 
London. — British Museum. 

„ -—East India Association. 
„ --Geological Society of London. 
„ —Royal Asiatio Society. 
„ —Royal Institute of Great Britain. 
„ — Royal Geographical Society. 
„ — Royal Society, 
„ —India OflSce. 
Mblboubnb. — ^Royal Society of Victoria. 
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Ml NNBAP0LI8.— Academy of Natural Sciences, MinDesota. 
MoKTEBAL.— <jleological Survey of Canada. 
Moscou. — Imperial Society of Naturaliste. 
Munich.— Royal Bavariaa Academy of Science. 
Nkuchatbl.— Society of Natural Sciences. 
New Zealand.— Geological Survey of New Zealand. 
Pabis.- Geological Survey of France. 
„ —L' Administration des Mines. 
Philadelphia. — ^Academy of Natural Sciences, 
„ —American Philosophical Society. 
BooBKEE.— Thomason College of Civil Engineering. 
Salem. — Peabody Academy of Science. 
„ — Essex Institute. 
Stockholm. — Bureau Becher. Geol. Suede. 
„ — Boyal Academy of Science. 
St. PETBBBBUBG.-^Imperial Academy of Sciences. 
ToBONTO. — Canadian Institute. 

TcBiN.-- Boyal Academy of Science. 
ViCTOBiA. — Government Geological Survey of Victoria, Department of Mines. 
Vienna. — ^K. K. Geologisohe Beichsanstalt. 
„ —Vienna Academy. 
Washington. — Smithsonian Institute. 

„ — Department of Agriculture of the United States of America. 
„ — Department of State, Washington^ D. C* 
„ —United States Geological Survey. 
Wellington. — ^New Zealand Institute. ' 

YoEOHAMA. — German Natural History Society. - 
ZUbich. — ^Natural History Society. 

Governments of Bengal, Bombay, India, Madras, Minnesota, and North- 
western Pi*ovince8 ; Chief Commissioners of British Burma, Central 
Provinces, and Mysore ; the Surveyor General of India, the Besident, 
Hydrabad, and the Superintendent of the Great Trigonometrical Sur- 
vey of India. 



A BBIEF ACCOITNT OF THE GEOLOGICAL STBUCTUBE OF THE H1LL-BANGE8 BETWEEN THE 

Indus Vallby in Ladak and Shah-i-dula on the fbontibb of Tabkand txb- 
BITOBY, by Db. F. Stoliczka, Geological Survey qf India, Naturalist attacked to the 
Yarkand JEmhasty, 

The following brief notes on the general geological structure of the hiU-ranges alluded 
to, are based upon observations made by myself* on a tour from Leh, viA Changchenmo, the 
high plains of Lingzi-thang, Karatagh, Aktagh to Shah-i-dula, and upon corresponding 
observations made by Dr. H. W. Bellew, accompanying His Excellency Mr. Forsyth's camp 
along the Korakorum route to this place. 

Before proceeding with my account, I will only notice that our journey from Leh (or 
Ladak) was undertaken during the second half of September and in October, and that we 
found the greater portion of the country north of the Changchenmo valley covered with 

_._ _____ - — — ' 

* As a member of a detached party, specially depated by His Excellency tbe EoYoy, Mr. T. D Foxvyth, 
c. B,, to explore the ChangeheiuBO and Llngzi'thang nrates. 
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fl^ow, the greatest obstacle a geologist can meet on his surrey. While on our journey the 
thermometer veiy rarely rose during the day aboye the freezing point, and hammer opera- 
tions were ruji e€uil^ carried out. At night the thermometer sank as a rule to zeio, or even 
to 8** below zero in our tents, and to 26^ below zero in the open air. Adding to this the 
natural difficultieB of the ground we had to pass through, it was occasionally not an easy 
matter to keep the health up to the required standard of working power. 

Near Leh, and for a few miles east and west of it, the Indus flows on the boundary 
between crystalline rocks on the north and eocene rocks on the south. The latter consist 
chiefly of grey and reddish sandstones and shales, and more or less coarse conglomerates, 
containing an occasional nummulite and casts of peleeypods. These tertiary rocks extend 
horn, eastward south of the Pangkong lake, following the Indus either along one or both 
banks of the river, as far west as Kargil, where they terminate with a kind of brackish and 
fresh-water deposit, containing melania, 

Nearly the entire ridge north of the Indus, separating this river from the Shayok, and 
continuing in a south-easterly direction to the mouth of the Hanle river (and crossing here 
the Indus, extending to my knowledge as far as Demchock), consists of syenitic gneiss, an 
extremely variable rock as regards its mineralogical composition. The typical rock is a 
moderately fine-grained syenite, crossed by veins which are somewhat richer in hornblende, 
while other portions contain a large quantity of schorl. Both about Leh and further 
eastward* extensive beds of dark, almost black, fine-grained syenite occur in the other 
rock. The felspar often almost entirely disappears from this fine-grained variety, and 
quartz remains very sparingly disseminated, so that gradually the rock passes into a horn- 
blendio schist ; and when schorl replaces hornblende, the same rock changes into layers 
which are almost entirely composed of needles of schorl. Again, the syenite loses in places 
all its hornblende, the crystals of felspar increase in size, biotite (or sometimes chlorite) 
becomes more or less abundant, and with the addition of quartz we have before us a typical 
gneiss (or protogine gneiss) without being able to draw a boundary between it and t^ical 
syenite. However, the gneissic portions, many of which appear to be regularly bedded, are 
decidedly subordinate to the syenitic ones. As already mentioned, the rock often has a 
porphyritic structure, and the felspar becomes pink instead of white, as, for instance, on the 
top of the Kardung pass and on the southern slope of the Chang-la, where large fragments 
are often met without the slightest trace of hornblende. To the north of the last men- 
tioned pass the syenitic gneiss gradually passes into thick beds of syenite-schist, and this 
again into chloritio schist, by the hornblende becoming replaced by chlorite, while the other 
mineral constituents are gradually almost entirely suppressed. The syenitic and chloritic 
beds alternate with quartzose schists of great thickness. This schistose series of rooks 
continues from north of the Chang-la to the western end of the Pangkong lake, and 
Dorthwazds to the Lunker-la, generally called the Marsemik pass. On the western route 
Dr. BeUew met similar rocks north of the Kardung pass at the village Eardung, and 
traced them northwards across the Shayok, up the Nubra valley to near the foot of the 
'SuBsirpass. 

Intimately connected with the metamorphio schistose series just noticed, is a greenish 
chloritic, partiy thin*bedded, partiy more massive rock, which very closely resembles a similar 
rock found about Srinaggar. Only in this case certain kyers, or portions of it, become often 
distinctiy or even coarsely crystalline, sometimes containing bronzite sparingly disseminated, 
and thus passing into diaUage. This chloritio rock forms the greater part of the left side 
of the Ohangohenmo valley, and also occurs south of the Snssir pass. I think we have to 
look upon this whole series of schistose and chloritio rocks as the representatives of the 
nltirkmjtrmaiion. 

After crossing the Changchenmo valley to Oogra, we met with a diflerent set of rocks. 
They are dark, often quite blacky shales alternating with sandstones. Many beds of the 
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latter have a comparatively rec«ot aspect, and are rather micaoeona, without the least 
metamorphio straotare, while the shales aooompanjing them vexy often exhihit a silky, snb- 
metamorphic appearance on the plains of fracture. I ohserved occasional^ traces oiJkcoidM 
and other plants in these shines, hat no animal fossils. On the Changchenmo route these 
shaly rooks £omis the ridge of the Chang-lang pass, as well as the whole of the westerD 
portion of the Lingu-thang ; and they are met again after crossing these high plains and 
entering the Karakash valley, as far as Shinglung (or Dunglnng). On the Korakorum route 
Dr. Bellew hrought specimens of similar rocks from the Korakomm range itself. The^ 
can he hut little douht, — judging from similar rocks which I saw in Spiti, and from their 
geological relation to certain limestones, of which I shall presently speak — that we have 
in the shaly series the carhontferous formation represented. 

In many localitios along tibe right hank of the Changchenmo river, then at the hot 
springs north of €k>gra, and on the southern side of the Chang*lang pass, we find the carho> 
niferous heds overliun hy tricune limestone which often has the characteristic semi-oolitio 
structure of the Erol-limestone south of Simla. At Gogra and several other places dolomi- 
tic beds occur ; and in these, sections of Dicerocardium Simalayaente are not uncommon. 
In other places beds are met with full of erinoid stems. North of the Lingzi-thang plain — 
to the west of which the hills are mostly composed of the same triassic limestone — a red 
brecciated, calcareous conglomerate is seen at the foot of the Compass-U, but this conglome* 
rate gradually passes into the ordinary grey limestone, which forms the ridge, and un- 
doubtedly belongs to the same gproup of triassic rocks. The last place where I saw the 
triassic limestone was just before reaching the camping ground Shinglung ; here it is an 
almost white or light grey compact rock, containing very perfect sections of Megalod4m 
triqueter, the most characteristic triassic fossil. On Mr. Forsyth's route Dr. Bellew 
met with similar triassic limestones on the northern declivities of the Sussir pass, and also 
on the Korakorum pass overlying the carboniferous shales and sandstones previously 
noticed. On the Korakorum the triassic limestone contains spherical corals very similar 
to those which had been a few years ago described by Professor Bitter von Beuss from the 
Hallstadt beds in the Alps, and which are here known to travellers as Korakorum stones. 
A description of these very remarkable corals will be given subsei^uently. 

Betnming to our Lingzi^thang route, we leave, as already mentioned, the last traces 

of triassic limestone at Shinglung, in the npper Karakash valley. Here the limestone rests 

upon some shales, and then follow immediately the same chloritio rock which we noticed 

. on the Lunker-la, alternating with quartzose schists, both of which must be regarded as 

of upper paheozoic age. 

At Kizil-jilga regular sub-metamorphio slates appear, alternating with a sed conglo> 
• merate and red sandstones, and further on dark slate is the only rock to be seen the whole 
way down the Karakash, until the river assumes a north-easterly course, some fourteen 
miles west of the Karatagh pass. From here my route lay in a north-westerly direction 
towards Aktagh, and the same slaty rook was met with along the whole of this route np 
to the last mentioned place. Dr. Bellew also traced these slates from the northern aide of 
the Korakorum to Aktagh. They further continue nocthwards across the Saget4&i a few miles 
north of the pass, as well as in single patches down the Snget river to its junction .with the 
-Karakash. The irregular range of hills to the south of the portion of the Karakssh river« 
which flows almost east-west from Shah-i-dula, on ita southern side entirely consists of these 
slates, while on the northern aide it is composed of a fine.gTained syenite^ which aIso fonna 
the whole of the Knenldn range along the right bank of the Karakash river« and also is the 
sole rock composing the hills about the camping ground Shah-i-dula. The slates of which I 
spoke are, on account of the close cleavage, mostly fine, crumbling, not metamorphic, and 
must, I think,, be refiBrred to. the silurian group. They correspond to -the metamorphic 
schists on the southern side of the Korakorum ranges. 
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Thus we have the whole system of moantain ranges between Uie Indus and the borders 
of Turkistan bounded on the north and south by, syenitic rocks, including between them 
the Silurian, carboniferous, and triaseio formations. This fact is rather remarkable, for, south 
cf the Indus, we have nearly all the principal sedimentary formations represented fsom the 
fiilnxian np to the eocene, and most of the beds abound in fossils. 

The only exceptaon to which I can allude on the Changchenmo route is near Kium, in 
the Changchenmo valley. Here there are on the left bank of the river some remarkably 
recent looking sandstones and conglomerates, dipping at an angle of about 45° to north-by 
east, and at the foot of these beds rise the hot springs* of Eium. I think it probable that 
this conglomerate has eastward a connection with the eocene deposits, which occur at the 
western end of the Pangkong lake, and in the Indus valley south of it 

In the previous notes I have scarcely alluded to the dip of the rocks at the different 
localities. The reason is that there is indeed very great difficulty in directly observing both 
the dip and the strike. At the western end of the Pangkong lake the dip of the metamorphie 
schists is mostly a south-westerly one, but further on nearly all the rocks dip at a moderate 
angle to north-east, north-by-east, or to north. On the Lingzi-thang, just after crossing 
the Changlang, the shales are mostly highly inclined, but further on the limestones lie 
unconformably on them and dip to north-east. Wherever the hills consist merely of shales- 
and slates, their sides are generally so thickly covered with debris and detritus that it 
becomes almost an exception to observe a rock in situ. 

The d^ris is brought down in large quantities by the melting snow into the valleys, 
and high banks of it are everywhere observable along the water-courseit. At a somewhat 
remote — say dituvial^-period this state of things has operated on a far greater scale. Not 
only were the lakes, like the Pangkong, much more extensive, but valleys like the Chang- 
ehenmo, or the Tanktze valley, sometimes became temporarily blocked up by glaciers, or 
great landslips, and the shingle and clay deposits were often accumulated in them to a 
thickness of two or more hundred feet. Near Aktagh similar deposits of stratified clay exist 
of about 160 feet thickness, and extend over an srea of more than one hundred square miles. 
There can be but little doubt that when these large sheets of water were in existence, the 
climate of these now cold and arid regions was both milder and moister, and naturally more 
£ivorable to animal and vegetable life than it is now. A proof of this is given, for instance, by 
the occurrence of subfossil 8uccine<B, Helices, and Pupee in the clay deposits of the Pangkong 
lake, while scarcely any land mollusk could exist at the present time in the same place. 



NoTXS OK 86mb of thb Ibok-obxs of Euhaok, by Thbodobb W. H. Httghss, a. B. S. M., 

P. G. S., Gbological Subvbt of India. 

In connection with the highly important subject of the establishment of iron works in 
this country on the large scale, I was called upon in October last by Government to investi- 
gate the mode of occurrence and to determine the quality of some iron-ores in the province 
of Ktimaon. 

My attention was directed to no new localities ; I was instructed to visit ground that had 
already been so reported upon, written about and discussed, that it possessed a literature of 
its own on the special subject of iron, of more than five hundred octavo page8.f 



* The temperature of these hot springe varies from 60^ to 126^ They form no depoeit of fljpsain, like the 
q>riiigB north of Oogra, but there is a good deal of soda deposit round them. 

t Selections from the Bee ^rds of the OoTemment of India, No. VIIT, 186& 

n f» M t> If »> »f Supplement to No. VIIT, 1A56. 

n »> fi ft H fi f> M »» XVII, 1660. 

»» »» t» »» ft n n f» H XXVI, 186e, 

Beport on the Goremment iron works at Dcchouree in Kumaon, by Thomas Oldham, Esq., 1860. 
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There was no time, and periiaps no neoesaity* for me to make an ezhaostiTe examination of 
the capabilities of the entire province ; but my work would haTe been peraonally more satis* 
factory if, by more extended research, I had been able to assure myself that no essential points 
bad escaped the observation of my predecessors. 

Acting upon the orders conveyed by letter through Colonel Ramsay, c. B., Commissioner 
of Kumaon— '* to report generally upon the quantity and quality of the ores and fluxes in the 
neighbourhood of Bimgarh, Ehairni, K^Uidhdngf, and D^h-chaur£" — I proceeded as soon 
after the cessation of the rains as possible to examine each locality indicated. 

Colonel Dmmmond, Dr. (Mdham, and Messrs. Henwood, Sowerby, Barret, Davies, 
Watson, and Bauerman have expressed views as to the prospect of K£ladhdng( and IMh- 
chauri furnishing ore and flux, and I find on comparing their opinions that with the excep- 
tion of Mr. Henwood in 1855, and Mr. Bauerman in 1873, they entertain the belief that ore 
is very plentiful. In this belief 1 coincide. 1 have only to temper the too high estimate 
formed of the quality of the ore. 

BilCOABH. 

Under this heading it will be convenient to refer to several places in the same geological 
region, but at some distance apart — namely, P4hli, Loshgi&ni, IVattki Khan and ParwartL 

Pahli. — This locality is near the R&mgarh suspension bridge and on the right bank of 
the K&]4p&ni river. I am sorry to say there was no means of gaining any knowledge as to 
the existence or quality of ore other than by the examination of some waste heaps near the 
months of two deserted galleries. A sample of ore was brought in and analyzed. It yielded 
42*93 per cent of iron. This is but a low percentage, and may be accounted for by supposing 
that the waste mass from which the ore was picked out contained only poor specimens. At 
Natii4 Khan and other localities where the same variety of ore (micaceous hasmatite) occurs 
the average percentage of iron is much greater. 

Loshgidni, — ^Iron-ore has been extensively wrought near Loshgiani. There are two 
distinct beds, the Gwdl&kuri and the Eh&nip4k&. ^e ore, which is least rich in iron, is 
that of the Gw&14kdr( bed. 

Its outcrop is well defined, and by clearing away a little earth, I was enabled to obtain 
what I consider a £Eur sample of the ore, which is a rather dense brown haematite, yielding 
52*4 per cent, of iron. The minimum thickness of the bed is 8 feet. I have not been able 
to find any reference to the quality of this iron in any of the books which I have consulted. 
I suspect that its external appearance, which is certainly not indicative of such a high per- 
centage, as analysis shows it to contain, condemned it in the eyes of those to whom the 
soft, bright, micaceous hsBmatites of the neighbourhood had recommended themselves. 

The Kh&nip4ka bed is distinct from that of Gw&14kdH, although on almost the same 
horizon. It has been largely mined by the natives, and the number of shafts that have been 
sunk to reach the ore is something extraordinaiy. 

I was anxious to obtain access to some underground workings, in order to estimate the 
thickness of the bed ; but when I saw that the only means of descent was by a rope down 
which one had to slide to a depth of 80 to a 100 feet, and then come up again hand 
over hand, and that the shaft was neither straight nor dressed, I was obliged to acknow- 
ledge that to gain my «nd would necessitate the performance of a feat somewhat beyond 
my powers. In consequence, I can merely repeat what the natives told me, that the bed 
varied from 6 to 8 feet in thickness. A laxge amount of the ore is stacked in the yard 
adjoining the partly erected furnace near the village of R4mgarh. It seemed unnecessary 
to have the percentage of iron determined, as it appears to be of quite as high a value as the 
Natua Khan ore, the analysis of which will be found further on. 
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N'ttiAd Khanr^TYAB is one of the nuMrt celebrated localities for the ores, coming under 
the general heading of Bamgarh. It poesesses, however, no claiin to euperioritj over Losh* 
gi4n(» eitiier on tiie score of better quality of oie or greater thickness of bed. The accident 
of its propinquity to the main road between Naini T41 and Almora renders it easy of access, 
and therefore brings it more into notice. 

There is no outcrop of the bed visiUe ; and, as in the case of Loshgi4n(, I have to rely 
on the statement of tiie natives who worked it underground, that its total thickness is 9 feet, 
indnding a parting that varies from 1 to 2 feet A spedmen of l^e ore, which I obtained 
near the old workings, yielded 61*33 per cent, of iron. Dr. Mw^namara,* who analysed a 
sample forwarded by Ck>lonel Drummond in 1856, gives the result of his examination as 
70*72 of iron. This is, of course, a very high percentage, and the average is probably nearer 
the result obtained in our office. 

ParwArd, — This locality is several miles from B&mgarh, but as I had heard of it 
spoken of as possessing a bed of good ore, I went there. I found on my arrival that there 
was no opportunity of inspecting the ironstone in Htu, every pit that had been sunk 
having filled in. I tried to open out one of them, but two days' working convinced me that 
a month would be required to get down and expose the bed, and 1 contented myself by taking 
away a specimen of i^e ore from amongst a few pieces that the headman of the village had 
in his house. It was brown hssmatite, mixed with a great deal of calcareous matter. The 
result of analysis was 29*61 per oent. of iron and 43 per • cent, of carbonate of lime. Al- 
though the quantity of iron is small, this ore would be valnable to mix with othersr on 
account of the carbonate of lime ^th which it is assocdated. 

There were several mines in the neighbourhood which I might have looked at, but aa 
they were all abandoned, and there was nothing to see at the surface beyond the rocks in 
which the ironstone occurred, I wasted no time over them. 

SuHMABY.— The examination of the few localities I have visited convinces me that in 
tlie B4mgarh area the or*M are rieh, abundant^ and may be easily worked. 

The Loshgi&nf and Natd& Khan beds have only to be mined upon some rational system 
to yield an enormous amount of ore. Dr. Oldham, in his report of 1860,t when referring 
to R4mgarh, says, " there is not the slightest possibility of the want of ore being felt ; there 
18 the greatest abundance." 

Flux. — ^Lime-stone occurs in the immediate vicinity of the iroQstoiie at Natiii Khan. 
It yields by analysis 67*6 per cent of carbonate of lime, and the rest is chiefly clay. This 
is not equal to the purity of limestones generally in use in England, which contain 93 to 
97 per cent of carbonate of lime ; but an impure limestone can be employed advantageously 
at times, when the ore of iron is of such a composition that it requires some foreign earths 
to be added. I am not aware of any purer limestone ocourQpg 9ear Nat4d Khan or 
Lo8hgi6nl 

KhatbnA. 

From B&mgarh I proceeded to Khaimd, and after examining the iron-ore there went 
to Tatail and Kaluagarh, which are villages in the valley of the Kosi, distant about three 
and seven miles respectively from KhairfiA. 

Khaimd. — A bed of quartzite, in which small veins of red haematite are found, occurs 
near to the old suspension bridge at the confluence of the K09I and Khairu4 rivers. I can- 
not report favorably of this locality as a source of supply ; for, though the ore considered 

* Selections from the Reoords of the Oo?ernmeDt of India, Supplement to No. VIII, IMS, page 87. 

t Beport ou ILe GoTeroment iron-worki nt J^echooree, in Ktimaon, by ThomM Oldham, £iq.| 1860, p. 24 
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merely as an ore is good, it ia too much scattered through the matrix for profitable working. 
Mr. Sowerby speaks highly of Khaimd, and says— " I have no doabt whatever but that 
the deposit is very considerable, and there is a good back (hill) to work upon." Our opinions 
differ. 

Tatail, — ^Two veins of ironstone were pointed out to me near |Tatail. One measuring 
eight to twelve inches in thickness, and dipping to the west at an angle of 90^, occurs in a hill 
to the south of the village, and is associated with Tslcoee shale and dolomite. The amount 
of carbonate of lime in the dolomite is 66*1, and the remainder is carbonate of magnesia 
and clay. 

I could not obtain a large sample of the ore, which is micaceous iron, as there are no 
Ipnger any surface workings, but I was able to pick off a small piece from the side of the 
vein, and it yielded by analysis 48*77 per cent, of iron. 

The other vein, containing magnetite, occurs west of the village and on the left bank of 
the Simr&r& Gadh^r&. It is of small size, and it has never been holed for the sake of the ore. 
The native agars merely collect the fragments that may be occasionally brought into the 
bed of the stream by slips of the bank. The assay of the ore gave 60*11 per cent, of iron. 

Kaludgarh, — My visit to this place was labour entirely thrown jiway, as I could see 
nothing more than a small hollow in clay where iron-ore was once obtained. 

SuKMABY. — Of the different localities which I have alluded to in the Kbaim& area, 
there is not one which gives promise of much ore. I cannot say what l^e valley of the 
Kos( might yield between Eald&garh and the Bh&bar ; but in the section of it which I 
examined, there was nothing to justify the hope that Ehaimi was a vsluable district for 
ironstone. It would be well if we knew what the capabilities of the Kosi valley were lower 
down, where the accessibility from the plains might render deposits of rich and abundant 
ore more than usually valuable, in order to mix them with the poorer varieties of the Bh&bar. 

Flux, — ^As there is no probability that any demand for limestone to be used in iron 
furnaces will arise near Khairna, the question as to its occurrence or not is not of much 
importance. 

Owing to the interest attaching to this well known resting place for people either 
going to or coming from Naini T41, as having once been the scene of actual smelting 
operations on the large scale, I went carefully over the ground with Mr. Matthews, 
the Secretary to the Kdmaon Iron Company, and examined the deposit of iron-ore which 
occurs between the two extreme points known as Loha Bhar Bhar and Dhari4 Eh^r6. It is 
a much more recent formation than the iron-ores of B4mgarh and Khaimd, being possibly of 
tertiary age. It occurs with the clays and sandstones of the Nahun group, which form the 
low fringing hills to the north of K&l&dhdngi, but whether interstratified with them or 
unconformable to them it is difficult to say. There is one section in the main road to 
Nalni T&l, about a mile from the d&k bungalow at K&14dhting(, wheie the ironstone has 
been cut through, and it appears to be conformable to the beds below it. This may, however, 
be quite accidental. 

Mr. Medlicott informs me that further west, to as far as Nahun, similar beds of ferri- 
ferous clay occur, though not so rich as at Ddh-chauri, and undoubtedly forming an integral 
portion of the Nahu^group, (tertiary). This is a point of considerable practical importance, 
for if the deposit be unconformable to, instead of being interstratified with, the clays and 
sandstones, the ironstone at the surface is to a considerable extent the measure of its quan- 
tity, whereas if it be a bed in the series, it will yield a much greater body of ironstone than 
is now exposed to view. 
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Even taking tho most nnfayorable riew of tbe case, however, there is an immense mass 
of ore. I was somewhat sceptical at first as to the quantity being large, but half an hoar's 
steady walking over a more or less continuous •band of it, removed any doubts that I had 
entertained. 

I cannot, however, speak very enthusiastically about the general quality of the ore. A 
sample, which I consider contains more than the average quantity of iron, yielded 49*91 per 
cent, of protoxide, or 38*82 per cent, of metallic iron. 

On referring to the printed records on the subject, I find that in trial-assays made by 
Mr. Davies* the percentages of iron were 48, 47, 40, and 28 ; Piddington gives the maximum 
as 52 and 29. And Dr. Macnamara from best quality samples obtained 48'53 per cent. 

SuMHABT. — ^No appreciation of the value of the K&ladhungi deposit can be made by 
merely reading a series of maximum and minimum percentages of samples sent in to an 
analyst. One must go over the ground as I did to see what the general proportion of rich 
to poor ore is — and I am of opinion that the poor ore predominates. At first sight this state- 
ment might appear to condemn the K&ladhdngi ironstone, but this is not the case, for if the 
" getting " of it were properly supervised by some person who could distinguish the good from 
the bad portions, the deposit is so large that an immense amount of superior ore might be 
made available for smelting. Unless some plan of discrimination, however, is adopted, a 
mixture of high and low class ores will take place, and as the better class of ore is not 
extravagantly rich, it will do no more than just raise the entire mass above the standard of 
condemnation. 

^ Flux, — Limestone blocks occur in several of the small streams near Kdladhdngf, and 
notably in the Baur river. An estimate of quantity is scarcely called for, as the supply is 
more than ample for the wants of half a dozen furnaces. 

DiH-CHAUBI. 

The ironstone which occurs at K&l&dhungf extends westward to D^h-chaurf . Mr . 
Sowerby spoke highly of the D^h-chaurf ore, and asserted that it was more abundant than 
the deposit at K4!adhung(. This latter statement was a point which Mr. Matthews, 
equally with myself, wished to investigate, and we spent three days in looking up every section 
that was to be seen, and we came to the conclusion that the deposit of ore was less extensive 
than that at K414dhling(, but the quality was generally much better. Several different heds 
are spoken of by Mr. Sowerby as being in situ, but I can neither confirm nor disprove thia 
assertion. None of the natural sections furnished me any satisfactory evidence, and to have 
opened out a shaft, or driven an adit, would have occupied two or three months. With only 
the quantity of ore, however, to operate with that I saw on the surface, there is enough to 
supply all the requirements of the number of furnaces that are ever likely to be kept in blast 
at D^h-chauri, so that whether three beds or four beds exist is really not of much consequence. 

The following analyses of D^h-chaur( and Kal&dhungf ores exhibit side by side the 
composition of samples which are somewhat above the average quality : — 

Lo«a in heating ... 

Oxide ofiron 

Alumina 

Limfi 

•**•■•'' ••• ••• .»• ••« •»• 

Phospliorio acid ... 
Silica and insolublo 



IMh-eliaarl. 


KtfMdhdngf. 


4*68 


7-67 


70*88 


4091 


479 


6-27 


3*11 


11 


1-67 


:m 


IS'Sl 


8eu« 



100-84 100*23 

MetaUicitOQ ... ... ... ... ... 6618 38-8* 

There was no sulphur, and tho amount of phosphorus is not oxcesBive. 



* Selections t'rom tlic liecorda of the Qoveruineut of India, Supplement to No. VIII, 1865. page 41. 
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Fiux, — lAmesUme may be picked out of the channel of ihe river Baor, and in sereral 
of its minor tributaries. Enormons blocks are strewn on the same hill side in which the 
iron-ore exists ; and I am informed that a tofa deposit oocars within a reasonable distanoe 
of D^h-chauri. 

GSNBBAL StviMABT. — Summarising in a few words the result of my invesiigatiMi 
regarding the iron-ores, I have to state — 

Ores. — ^That in the R&mgarh circle, the ore is good and plentiful. 

That in the Khairn& circle, the iron-ores are not of much value. 

That in the Kalddhiingf circle, the ore u not as good as those occurring in the Ramgiurh 
circle, but the supply is very great. 

That in the D^-chauri circle, tha average quality of the ore is superior to that at 
K&]Adh6ng(, and the quantity is large. 

Limestone. — ^No fear need be entertained about the supply of limestoae for fluxing. 
Every authority agrees in testifying to its abundance. 

Although my duty was only to report upon the quantity and quality of the iron-ores 
at the places indicated in my instructions, I would beg to make a few remarks in view of the 
possible resuscitation of the manu&cture of pig-iron in the Bh&bar, at K614dhung(, and 
D^-chaurf, 

Such an attempt cannot fail through paucity of ore or flux. Water-supply is available 
throughout the driest season of the year, as is proved by the fact that the furnaces of the 
Ktimaon Iron Company were in blast until the 5th of June. The reproductive power of 
the forests has been tested in the severest manner, for I am informed by Mr. Matthews that 
in 1860 a considerable tract of land extending from the vicinity of the fomaoes at K£l&- 
dhtingi to the base of the hiUs was cleared, no trees being left for bearing seed ; and now 
(1873) the whole area is so covered with well grown saplings that it is difficult to believe in 
the accuracy of Mr. Matthews' statement. 

Oomparing the conditions now with what they were ten years ago, when the Kumaon 
Iron Ck>mpany stopped operations, drcumstanoes are much more in favor of the possibility 
of Indian-manufactured iron competing with home produce. The high price of coal in Eng- 
land has led to such an advance in the cost of iron of all kinds that there is now a pros- 
pect of India being able profitably to work her own raw material. 



NOTB OK THB BAW IfATBBIALS FOB IBOK 8MBLTINO IK THB RaNIOAK/ FiBLD, BT 

Thbodobb W. H. Huohbs, a. b. s. m,, f. o. s., Qeologioal S^rvetf of India. 

As a result of Mr. Bauerman's preliminary report upon the iron-ores of the Raniganj 
coal-field, the Qeological Survey of India has been called upon for information on the 
subject. 

Claim of the field recognised. — ^It is almost needless to say that the claim of this field 
to be considered the most advantageous position for fjie manufacture of iron in Bengal on an 
European scale was recognised years and years ago by the Survey, and that Mr. Bauerman, 
in recommending it as the locality offering the best prospects of success, has but confirmed 
the opinion held by every geologist and others competent to ofier one. 

The establishing of large iron-works was not urged at the time of the survey of the 
Raniganj field, for it would have shown an utter disregard of the conditions essential to 
success to have done so. Since then, however, increased facilities of communication^ dis- 
coveries of better coals, the possibility of making coke, and the steady rise in the price 
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of imported iron, have tended to reduce the mftrgin of probable failure to such proportions 
that the prospect of the success^ manufacture of iron has emerged from the region 
of speculation. Neyertheless, the caution recommended by Mr. Bauerman to the Government 
of India before going into any projects for the erection of works is very judicious ; it being 
undeniable that the subject of fluxes is a most essential point to enquire into. 

Kurikur assays. — With a view to throw some light upon the application of kunkur, 
I have lately made a few trial assays at the Mint which I will refer to in detail farther on. 
I obtained a very fair slag ; but it must be remembered that the assays were conducted under 
a favourable combination of circumstances unattainable in a furnace, and that before the 
practical adaptability of kunkur can be pronounced upon, experiments on a more extensive 
scale ought to be carried out. The result of the small trials in so far answers a useful 
purpose, that it indicates a possible substitute for rock-limestone, and can be accepted as 
some measure of the value of kunkur. 

Proposed trials, — I propose at the end of the field-season operating upon a few tons 
of raw material, varying the proportionate quantities of kunkur, ore and coal ; and I cannot 
but anticipate that the deductions from such experiments will be useful. I am happy to 
say that I have already received offers of assistance and the loan of a cupola from Hon'ble 
J. M. Bobinson, of the Bengal Coal Company, and Colonel H. Hyde, B. E., to the latter 
of whom I am already indebted for facilities afforded me at the Mint during my preliminary 
assays. 

« 

Although my more special attention was directed to the subject of fluxes, I was in 
addition instructed to point out the most favourable position for erecting furnaces; to 
institute enquiries about furnace materials ; to make some sort of estimate as to the quantity 
of iron-ore available ; and to confirm or modify the opinion entertained of certain coals in 
the western part of the field. For the sake of convenient reference I propose to notice each 
section of my enquiry under these different heads. And first as to coal. 

Coal. — I presume it is unnecessary to adduce evidence in proof of the enormous amount 
of coal which exists in the B4nigaig field. There is perhaps no area of similar size in the 
whole world which can compare with it for actual thickness of the seams. The coal, however, 
is not so good in quality as it might be ; but I believe better will be discovered as the field 
becomes progressively developed. 

Weak point of Indian coal: its ash, — The weak point of our Indian coal is the amount 
of inorganic matter that it contains as compared to good English and Welsh coal ; but lately 
two samples have been received at the Geological Survey Office, one from Sanpur near Nirsha, 
and the other from Bahmandih4, near Ni&matplir, which contain only 8'9 and 87 per cent. 
of ash respectively. The average percentage is 15. 

Nothing more than an ordinary analysis of these coals has been made, and their 
composition u 



Carbon ... ... ••• 

Volatile matter (inclusive of water) «. 

Asn ••• • • t ( . • 



S4npiir. 


B4hmandih4. 


64-3 


67-8 


26-8 


33*5 


8-9 


8-7 



100-0 1000 



Both are said to coke ; and as they are remarkably clean, they ought to be brought more 
into use. At present I believe they are scarcely worked. The Sanpur coal is burdened with 
a cartage freight of six miles and a toll ; but the B&hmandih4 seam has no serious drawback 
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to contend against. It lies in the general strike of tiie Sanktoria eeam, which is well known 
to be one of the finest properties in the field, and it may be the continuation of that bed to 
the north-east. 

A very complete series of analyses of thirty different coals has lately been made by 
Mr. Tween under Dr. Oldham's direction, and I find that those samples furnished by the 
Ddmarkdnda, Ban&li, Sanktoria, Mangalpur, and R&niganj collieries combined the greatest 
freedom from ash with high percentage of carbon. 



Names of Collieries. 


Carbon. 


Hydrogen. 


Oxjjren 

and 

Nitrog^en. 


Sulphur. 


Ash. 


Perecntage 

of coke ia 

nndried coal. 


l^umarkAndi 


71-86 


4fl7 


8-78 


-69 


140 


• 

76-8 


Sanktoria ... 


68-89 


4-68 


12-27 


*82 


IS'6 


746 


R<aiffai\j ... 


69-45 


4-82 


10-98 


•86 


14-4 


72-2 


Banili 


69^ 


479 


1006 


•37 


14-8 


69-4 


Mangalpiir... 


68*81 


4-8 


12-11 


•88 . 


13-3 


67-8 



The loss of water in the Ddmai'kundi, Sanktoria, and Kaniganj coal was 2 per cent., 
in the Ban&li coal 4 per cent., and in the Mangalpiir coal 6*8 per cent. 

Amount of ULlphur small, — The amount of sulphur is in each instance considerably 
under 1 per cent.^-a fact which will not readily be credited by those who think that 
Indian coals are always saturated with iron-pyrites. 

I append a statement of the amount of sulphur in some good class British coals : — * 

NOBTHUUBERLAHD. 

Sulphur in 100 p^rts of coal. 



Steam Bum coal (steam coal) ... 
Peareth coal (gas coal) — 

Low main seam. Buddies Hartley colliery (steam coal) 

NOTTINOHAMSHIBE. 

Sliircoak colliery, belonging to Duke of Newcastle 

South Staffobdshibe. 
Hooves •^ ••• ... ••• 

IiANCASHlBE. 

Bushey Park seam ... 
Pemberton yard ... 

Blaina, South Wales. 
£11 vein coal (steam coal) ..• 

Three quarter vein (furnace coal) 

DowLAis, South Wales. 

A\a8 AiSS ••• ... • • • 

Bargoed big-coal (blast furnace coal) 

Scotland. 
Argesline ••. 

Walls end Elgin 



•55 

•86 

151 

•93 

1-00 

101 
1-82 

•76 
•81 

1-01 
1-07 

1^23 
1-61 



* Percy's MeUUurgy, 1861, Vol. I, pafpes 99, 102.— Crookoa and Bohriff, 1870, Vol. Ill, fmge 469. 
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Beveriing to the R&nigan j coals, the following is the result of the analyses of their ashes, 
and for the sake of illostration I subjoin a selection of a few Welsh and Scotch coal ashes: — * 





Silica. 


Alumina. 


Oxide of 
iron. 


Lime. 


Magneaia. 


Sulphuric 
acid 


Phosphoric 
acid. 


Ddznarkdndi 






60'&1 


310 


6-52 


1-21 


'94 


•66 


•64 


SADktorIa 




* 


6800 


2903 


7-4© 


3 26 


• ■• 


111 


1-46 


Baaili 






62-77 


S0-4S 


3-32 


318 


• •• 


•47 


12 


JUnignni 






61-41 


28-84 


6 31 


318 


• •• 


•62 


•36 


llMOg»}pttr 






69-66 


26 72 


8-06 


2-92 


• •• 


1-a 


1-18 





Dowlais, 


Dowlais. 


Dowlais. 


Dowlais. 


Pontjpool 

rock vein 

ooal. 


£bbw vale 

fonr-foet 

■team 

coal. 


Fifeshire 

Pordel 

■plint 

coal. 


aiica 


35-78 


24-18 


87-61 


89-64 


40-00 


63-00 


87-60 


Alumina ... 
Sesquioxide of iron 


4111 
1115 


2082 
2600 


38*48 
14-78 


89-20"^ 

irsii 


44-78 


35-01 


62-00 


Lime ... ... ... 


2-76 


9*88 


2-63 


1-81 


1200 


3-94 


8*73 


Magnesia 


2-66 


9-74 


2-71 


2-58 


Trace ... 


2-20 


110 


Snlpbaric acid ... 


4*46 


8*87 


0'29 


Tracei... 


2-22 


4*89 


4*14 


I'hoaphorio acid 


0-99 


0-21 


2-00 


8*01 


0-76 


0*88 


0-88 



It jviD be seen that the proportion of phosphoric acid in a hundred grains of the ashes of 
some of our Indian coals compares favonrably with the English equivalents ; but we must 
bear in mind that Indian coal is burdened, as a rule, with three to four times the amount of 
ash in English coal ; and consequently for equal weights of coal the comparison is not so 
favorable. 

Sankt&ria coal caking. — Only one of the five selected coals, that of Sanktoria, is 
truly caking; the rest yield nothing better than bastard coke. Analysis shows that the 
Ddmarkdnda coal is a first class Indian coal ; and I believe that it would produce a vei-y fair 
description of coke provided the ovens were charged with freshly raised material.f 



* Percy*! Metallargr, 1861, VoL I, page 106. 
t Since writing the above I have received from Colonel H;de, B. E., a table showing the relative heating power 
of the aeveral coals sabmitted for trial at the Hint; being of the same samples as those analysed in the laboratory 
of the Geological Survey by Mr. Tween. The Ddmarkdndll eoal occupies the seventh place in a Ust of thirty. 





Name of Colliery. 






Heat unite utilised 
per D>. coal. 






BSXABKS. 




Btfnigai^ 
Babdsol 


••• 


••• 








9,788 


Upper coal 


measures. 




• •• 


■ •• 








9,732 


n 


» 


n 




Mimcha 


••• 


• •• 








9,661 


n 


n 


f» 




Saoktoria 


••• 


• •» 








9,622 


n 


n 


» 




Dhasalseam, 


ChowkId4nga 








9,664 


i» 


t» 


H 




Berodakatta 


• »• 


• •* 








9,662 


M 


n 


M 




Ddmarkdndi 


• •• 


eee 








9,493 


Lower 


»i 


M 




Ifangalpdr 


• •• 


• ft 








9,144 


Upper 


H 


>f 




Sitintmpur 


• •■ 


• •e 








9,013 


H 


M 


fl 




NigfK 


• •• 


••• 








8,962 


>• 


n 


1> 




BanAli 


• •• 


• •• 








8,846 


M 


M 


» 


9 
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I cannot find any reference to the coal from the Belrdi oollieTy, bat it deserres mention, 
as it cakes well, and looks bright and clean. The Belrdi seam, like the B4hmandih6, is on 
the same strike, and is possibly on the same horizon as the Sanktoria seam. In our present 
state of knowledge, one can only conjecture that such is the case ; but an air of probabiliij 
is lent to this opinion by the circumstance that the Belrui coal possesses nearly the same 
qualities as the Sanktoria coal. 

Freedom Jrom <uh important in connection loith amount qfflux required, — I have par- 
ticularised the coals from eight difEerent localities, because analysis shows that they are 
best adapted for smelting purposes. They are the coals freest from ash, and this is a point 
that must be borne in mind in connection with the amount of flux that will be required. 
For raising steam and for smithey works there are twenty other coals in the B4niganj field 
that would answer nearly as well ; and there is always the prospect that many of the 
collieries from which moderate or inferior coal is at present being raised may some day meet 
with better seams as their workings become deeper and new ground is opened out. 

Best locality for coal, — The portion of the field which contuns the most promising 
coals, east of the B&rakar, is decidedly that part of it limited in a north-west direction by 
the outcrop of the seams mined on the Sanktoria and Belrdi properties, and in a south-west 
direction by the Panchet formation marked on the geological map. Within this area is 
included, in addition to the collieries belong^g to the Bengal and New Birbhdm Companies, 
those owned by Messrs. Apcar and two or three quarries possessed by natives. Some of 
the land is, I am informed, held by Bani Sam& M6ui, a Hindoo lady, whose religious 
principles are opposed to coal mining. 

Ibon-obb.— The deposits of iron-ore are of two distinct geolc^cal ages. The older 
are associated with the coal measures, as a group in the series, while the more recent are 
connected with the rock known as laterite. 

Laterite, as a rule, is not rich in iron ;* and as it does not occur in any form west of the 
meridian of the town of B4niganj, I directed my attention principally to the ores of the 
coal measures* I did not restrict my observations to any one special locality : I visited the 
lands east of B48^r4, and Mad&pur, and the entire tract from Lalganj to Bagunia. I 
thought it possible that the Singaran valley might be a good locality for iron works; but 
it does not offer the same advantages as the western part of the field, where the iron^oree of 
the measures are in dose proximity to the superior coals of Sanktoria, Belrdi, DdmarkundA, 
Bahmandiha, &c. 

The only samples of ore that I considered it necessary to collect were from the lands 
of Aitura, Mal4kola, Chalbalpdr, Kulti, Sibpdr, Jassaidih, Boldi, and Notanghax . They are 
fair representative specimens picked mostly from heaps, which had, conveniently for me, 
been collected by the contractors who supply ballast for the repairs of the Grand Trunk Boad. 

Mr. Tween has up to the present time only been able to complete the analysis of one 
sample. It came from Edlti, and contains-* 

1. Insoluble matter (silica 16*4) ... ... 19'6 

2. Sesquioxide of iron (metallic iron 42 per cent.) ... 60*4 

3. Alumina ... ... ^ ... 6*8 

4. Lime ^ ... ... ... 2*9 

6. Magnesia ••• ... •.• ... *6 

6. Phosphoric acid ... ... ... ... 2*2 

#• vYater ••• ,,, m. ••. «7'^ 



100-7 



* Laterite aBtudly contains ttom 12 to 86 per cent, of iron. Some of it^ boweTer, in nothing more than clay 
with iron atalns, 
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There is no sulpharic acid, but there is an appreciable quantity of phosphoric acid. 

Ore hamatite. — I was rather surprised at the absence of carbonic acid, being under the 
impression that the above specimen was a carbonate of iron. It appears, however, to be a 
sesquioxide. The amount of iron it contains is 42 per cent., which makes it a valuable ore. 

The ironstones occur over an area of several square miles in thin beds varying in 
thickness from 2 to 8 inches, through a mass of carbonaceous shales, known geologically 
as the ironstone shale group. Mr. Blanford* estimates that they form about iSth of the 
whole group ; and Mr. David Smithf considers that 6,400,000 tons per square mile will be 
the yield. My own measurements showed that the ironstones occurred in the proportion 
of 1 foot to 10 or 12 of shale, and taking the group as 1,000 feet (it is more than 
this), we have, roughly speaking, 200 millions of tons in every square mile. Assuming 
5 feet only as workable, I think the figures will be assuring enough to set at rest all mis- 
givings about quantity. 

Small dip, — ^The dip of the strata with which the ironstones are associated is every- 
where small in the neighbourhood of the B4r4kar ; and the contour of the surface is such 
that the conditions for mining by open work are all highly favourable. No difficulty can be 
experienced in winning the ore at a reasonable price. 

Magnetic iron, — The advantage to be derived from mixing different varieties of ore is 
well known. Some very rich deposits of magnetic iron-ore are described by Mr. Blanfordj! 
as associated with metamorphic quarlzites just beyond the boundary of the field near the 
village of Tituri, about two miles west of Beharindth hill. The ore occurs interlaminated 
with the quartzite and gneiss in bands varying in thickness from 3 inches to 2 feet. They 
are very pure, and contain from 60 to 70 per cent, of iron. Research may bring to light 
other similar deposits ; but there is little probability of such a thing happening, as the natives 
are usually aware of the iron-ores that occur in their own district, and if any had existed, 
information about them could hardly have escaped the frequent inquiries that have been made. 

The main dependence of any iron works must be upon the iro^•ores of the coal 
measures. 

Flux. — As I have not been called upon to compile a treatise upon the manufacture of 
iron, I need not explain why the necessity for a flux exists. Many minerals might be used 
as fluxes, but in practice we are limited to a few, namely, limestone, clay, and silica. For 
such ores as occur in the Raniganj field, limestone is most required ; and limestone that is 
nearly pure has hitherto been considered as indispensable. 

Impure limestone sometimes prtferahle, — In some instances, however, as in the case 
of the Kulti ore, the analysis of which has been given above, a limestone containing some 
clay would be preferable. Impure limestone indeed is often advantageous, but its applica- 
bility depends upon the suitability of its own impurities to combine with those of the 
iron-ore. 

In kunkur we have an impure limestone, containing from 70 per cent, downwards of 
carbonate of lime, and a varying proportion of free silica, clay, magnesia, iron and water. 
It would make in some instances a most economical flux if the amount of carbonate of 
lime in it were somewhat greater than it is. Kunkur, as a rule, however, rarely contains 
more than 60 to 65 per cent, of carbonate of lime, which leaves a large amount of impurity, 
out of which some is probably not required, and therefore it subtracts from the working value 
of the kunkur. 



• Memoire of the Geological SuiTcy of India, 1881, Vol. Ill, Art. 1, page 76. 

t Mr. Darid Smith's report on the coal and Iron districts of Bengal, 185fl, page 6.' 

% Memoirs of the Geological Sunrey of India, 1861, Vol. Ill, Art. 1, page 193. 
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Some Bpecimens which 1 obtained in iho Biniganj field contain the following qnantiiiee 
of carbonate of lime : — 

Sanktoria ... ... ... -^ 66*12 per cent. 

B4mnagar.., ••• t.. ^ 64*98 „ 

Banndri ..* ••• ••• •m 61*00 „ 

Mr. Tween has not been able to make a fnll analysis as yet of all the samples that 
have been sent in for examinationi and without such analysis, it is impossible to estimate 
what proportion theoretically the kunknr should bear to fuel and <»e, in order to produoe 
a suitable slag. 

Wellffuted slag and clean button, — I hare, however, carried out some assays at the Mint ; 
and the result is, that with equal quantities of kunkur and ore, and using wood charcoal or 
coke, I obtained a well fused slag and a moderately clean button of iron. I have not made 
the number and varieties of assay's that I should like to, owing to the necessity of sendin|^ 
in a report at an early date ; but the possibility has been demonstrated of using kunkur as 
a flux on a small scale. 

The assays were performed in nnlined plumbago crucibles. My first experiment was 
unsuccessful, as I could not get up heat efiough in the small table gas furnace which Colonel 
Hyde placed at my disposal. My after attempts with the use of coke in a wind furnace 
were more fortunate. 

No. 1. Ore ... ... 100 grains (Eulti ironstone containing by 

wet assay 42 per oent. iron). 
Kunkur ••« 100 „ (R4mnagar kunkur containing 

65 per cent, carbonate of lime). 
Charcoal ... 30 „ (Wood charcoal). 

Percentage of iron 45*0 ; slag perfectly fused, grey. Button of iron, dark-gray, ofystalHoe, 
broke rather readily under hammer. Two or three sorts of metal embedded in the slag. 

From the appearance of the iron, the ore will probably reduce easily. 

No. 2. Ore ^ ... 150 grains. 

Kunkur -. 150 „ 

Charcoal ^ 40 „ 

Percentage of iron 44' 7 ; like all dry assays, the percentage of iron is shown to be greater 
than it actually is. Slag, greyish-green, a few beads of iron adhering to outer surface. But- 
toD, dark'grey on fractured face. Does not split at first blow, but flattens somewhat. 

No. 3. Ore «• ... 100 gruns. 

Kunkur ,«. 100 „ 

Coke ^ ... 30 „ (coke from Calcutta gas works). 

This was put into a smith's fire, and the slag was not perfectly fused. It had a light 
green colour. Numberless shots of iron at bottom of slag. Fractured surface of button, white. 

No. 4. Ore ... *•• 100 grains. 

Kunkur .^ 100 „ 

Coke... ... 30 „ (coke from Calcutta gas works). 

Slag, light grey, semi-translucent. Button on fractured face, white, compact. 

No. 5, Ore ... ... 150 grains. 

Kunkur ... 150 „ 

Coke*— ... 40 ,^ (coke from unwashed Sanktoria 

coal-dust). 
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Slag, light ametliyst colour, dear, tranaluoent. Button, on fractured face, dark-grey, coarsely 
crystalline. The amethystine colour of the slag may be due to manganese. 

No. 6. Ore m» — 160 grains. 

Kunkur — 190 „ 

Coke ... ... 30 „ (coke picked piece of Sanktoria 

coke). 

Percentage of iron 44*0. Slag, slight amethyst colour, translucent. Button on fractured 
surface, not quite so dark as No. 5, coarsely crystalline. 

I made several other assays which I need not refer to. My object was to see whether 
kunkur would do the work that was required of it. The less quantity, 130 grains in No. 6, 
answered quite as well as 150 gprains in No. 5 ; but I would recommend equal quantities of 
kunkur and ore, because the coke contains sometimes a large amount of ash. 

I have used throughout only the same flux that could be employed on the large scale. 
Pure limestone is not known to occur in any quantity in or near to the Baniganj field. My 
colleague, Mr. Mallet, however, has discovered a bed of it in the vicinity of the Maddplir 
Branch Rfdlway ; and it is quite possible that when investigations in that neighbourhood 
can be completed more may haply be ' discovered. The limestone is very pure, and is 
only ten miles from the station, so that if railway rates for carriage were only cheaper, it 
might be employed to supplement the kunkur of the B4niganj field. A large quantity 
might easily be removed. I have been informed of another bed south of the Damtid& and 
near to R&niganj ; but I have not yet had an opportunity of visiting it. From the ap- 
pearance of the sample sent to me for examination, I scarcely think that it can be of 
much importance. 

It is not to either of these limestones, however, that we can look fbr a supply of flux ; 
and Bot&s stone is so dear comparatively to kunkur that I think we must depend upon the 
latter material. 

Anumni qf kunkur, — On the question of the quantity of kunkur available within the 
field, I have consulted with Mr. Dejoux, Executive Engineer, who is at the head of the 
Special Department devoted to lime, kunkur, and limestones, and he assures me that there 
is an unlimited quantity. In this assurance Mr. Joll, who was for some time Executive 
Engineer at B&r&kar, unites. Mr. Dejoux's experience and special knowledge is so much 
greater than my own that I prefer quoting his conviction to offering a decisive opinion of 
my own. I examined several of the localities where lime was being made, and judging by 
what I saw, I am inclined to think that there are very large deposits in the vicinity of 
B&r4kar; both banks of the river are full of kunkur; and the quality of the material 
appears to improve at some depth below the surface. 

One advantage that would be derived probably from the use of Botas limestone is, 
that its average composition might be depended upon. As regards kunkur, I am not sure 
whether this would be the case. Again, quoting Mr. Dejoux, however, he says that out of 
numerous samples which he has analysed, he has found that its composition is much more 
constant than might be anticipated from the nature of its origin, and that 55 to 65 per cent, 
is the usual amount of carbonate of lime that it contains. If this be so, — and the analyses 
now being made in our office will confirm or disprove this point, — we shall be able to regulate 
the amount required for fluxing; but if the percentage of carbonate of lime be inconstant^ 
the working of a furnace is likely to be variable and the outturn of iron irr^ular both in 
quality and quantity. 

I trust I have made clear the case regarding kunkur : 1^^, that there is a large quantity 
available ; 2rid, that it can be used as a flux ; but that unless its composition be pretty 
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constant, there are difiioultieB in the way of its employment that might make the use of a 
more costly but a more reliable limestone advantt^ons. 

Until full analyses of many specimens have been made however, we cannot pass judg- 
ment. Should they prove the composition of kunknr constant between certain limits, then 
I think we may, without actual experiments on the large scale, declare it to be an appro- 
priate flux. 

Choice of sits. — The tendency of the evidence brought forward has been to show thai 
the country in the vicinity of the 6&r4kar is best adapted for a site. No locality offers the 
same advantages. It is nearer to the foreign sources of limestone at Rot4s and in the Haza- 
ribagh district than any other part of the field. The best quality coals occur there ; easily 
workable ores may be got ; an abundance of kunkur can be procured ; sandstone quarries 
are in actual existence ; the Grand Trunk Boad, and the B4r4kar branch, and Chord Line of 
the East Indian Railway are in the immediate vicinity of all requisite raw materials ; and 
the land necessary for buildings, tipping room, &c., belongs, in great part I believe, to native 
holders* who would probably dispose of it at more favourable rates than British holders. 

Any definite selection of a site must of course be postponed for the judgment of the 
manager who may be appointed, but the choice ought to be limited between the meridians of 
the Sit&rdmpdr and B6iakar Bailway stations, and a short distance north or south of the 
Grand Trunk Boad. 

FuBKiCE BTTiLDiNO ICATBRIALS. — It is difficult to say off-hand whether certain stonea 
will have the property of sustaining the temperature which the chemical process carried on in 
the furnace requires. In the selection of native stones, as also of artificially manufactured 
stones, we must be guided chiefly by experience. There are quarries near the B4r4kar bridge, 
from which the sandstone of the lower coal measures are obttuned, and if those that are fine- 
grained are selected, they will probably be found to withstand heat and the action of fluxes. 

Soapstoite. — Occurs in the Manbhtim district, and dishes made from it used formerly 
to be sold at Tald&ng4 ; source of supply is rather distant. 

^re clay, — Scarcely any attempt has hitherto been made to tarn the fire-clay, which la 
found with many of the seams, to account. Messrs. Bum and Company, who possess pottery 
works at lUlniganj, have lately made a few bricks from the clay in the Bdniganj oolliety of 
the Bengal Coal Company, and the manager, Mr. Cowhan, informed me that they were tested 
at Jamdlpur, and were found to withstand the treatment they were subjected to much better 
than English bricks. I believe fire-clay occurs at the Bas^ra colliery of the R&niganj Goal 
Association, but it has not yet been tested. 

Coarse sand. — This is required for mixing with other materials. It can be obtained 
from the rivers Bdrakar and Damud4. 

Qnar/s;.— This, like the above, may also be wanted for mixing. Large quantities are 
procurable a short distance up the chord line, about Jamtarah. 

Moulding sand, — Some moulding Saud of very pure quality is obtained near R&nigauj 
from the Damdd4. I know of no other place where it occurs, but equally good sand may 
possibly be found in the Barakar. 

CoNCLUDiNa BBMABKS. — Having shown that the materials essential for the manufacture 
of iron exist, I will now point out what the probable cost of coal, iron, and kunkur per ton 
will be. 

Coal, — A very fair estimate is Rs. 2-8 to Rs. 3 a ton. 

Iron-^re, — The price of ore delivered at the works will probably be Re. 1 a ton. 
The rates at present paid by the contractors who obtain ore from the KiUti estate of the 
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new Birbhiim Coal Company is only 5 annas a ton, or Rs. 1-8 per hundred cubio feet loosely 
heaped ; bat as the ore is close to the surface, I have trebled the rate in order to cover 
extra expenses when deeper workings are opened out. Any information about the rate paid 
for assistance, although imparted to me by a contractor's Sirdar, may not be correct, as 
natives sometimes make misstatements. Whether this be so or not however Re. 1 a ton 
is a liberal estimate. 

Kunhur, — ^This material ought to be procurable at Rs. 1-8 a ton, or Rs. 5 a hundred 
cubic feet.* Mr. JoU, Executive Engineer, roughly values unwashed kunkur at Rs. 1-6 
a ton. In order to be on the safe side however, let the rate in all calculations be Rs. 2. 
I find that Rotds limestone, taking the very lowest estimates, will for equal quantities 
be exactly ten times the cost of kunkur when delivered at Sit&r6mpdr. 

Thus, 100 cubic feet of limestone conveyed from Botas to 

Lakisecai by water the whole way ... ... Rs. 18 

Railway freight from Lakiserai to Slt&rampur ... „ 47 

Unlanding and landing charges, and so on ... ... » 5 



Total ... Rs. 70 

or Rs. 20 a ton as compared to Rs. 2 ; but as Rotds limestone will probably do three times 
the amount of duty that kunkur will, the comparison is as Rs. 6 to Rs. 20. Considerable 
advantage would be derived from the use of Rot^ or any other comparatively purer lime- 
stone, because in the employment of kunkur, there is an increase in the weight of material 
to be passed through the furnace for the same produce of metal. 

Occasionally, as I pointed out before, an impure limestone may be more suitable for a 
flux than a pure one ; but in kunkur the impurities are somewhat too great, not to make it 
advisable, bearing in mind relative cost, to substitute a better material. 

Co»t of manufacture. — The simple cost of the manufacture of pig-iron per ton, leaving 
out of consideration the interest on cost of furnaces, management, and so on, will, according 
to my figures, be^ 



Ore «.. 


3i tons at 1 


Kunkur 


3i „ at 2 


Coal (1a^®) •- 


3i „ at 3 


Coal (small) 


... 


Wages 


• . . 



Rs. 


A. 


P. 


3 


8 





7 








10 


8 








8 





2 


8 





24 









I have allowed liberally both in the amount of material and in the matter of cost. 
Mr. David Smith, who made very careful calculations in 1856, showed that with the price 
of home manufactured iron as it then ruled, and with the estimated cost of pig-iron at 
Hb, 20-8 per ton,t there would be a considerable profit. I think there can be but little doubt 



• The ton is calcnlatcd as 27 " max«." 

Iron-ore ... ... ... 100 cable feet = 136 mant =: 6 tons. 

Kunkur ... ... ... 100 „ „ =» 94 ,, a St „ 

Limestone ... ... ... 100 „ „ ?8 M „ = 8i „ 

t Mr. David Smith's report on iron districts or Bengal, 1856, p. 19. His figures are for simple cost of manufae- 
tore as mine are. 
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that if there is demand enough in Indian markets, iron may be mannfactuKd in this 
country and sold at a much cheaper rate than imported English iron can be bought for. 

There are alieays difficulties inherent in the starting of new undertakings ; but we haro 
the beacons of past failures in other parts of India to steer our way by. If any of the 
Companies at R&niganj who possess their own coal, iron-o.re, and kunkur were to take up the 
project of iron smelting, they would have immense advantages over GK)vemment in respect 
of cost of raw materials ; should, therefore, the present attempt be in the least degree 
successful, it will be a guarantee to all Companies of the value of their own rasouroes. 

THEODOBE W. H. HUGHES. 



NOTB OK THB HABITAT IN IkDIA OF THB BLA8TI0 flAKDSTONB, 0£ 80 CALLED 

Itacolumttb. 

Although within the last twenty years members of the Geological Purvey have frequently 
passed within sixty miles of this interesting locality, no one has been able to visit it — so 
great is the difficulty and loss of time involved in making the shortest excursion off the 
main highways in India. At last an amateur has come to the rescue ; and it is to be hoped 
the example will be followed elsewhere, for official geologists, having to work by rule and 
measure, can rarely supply the place of the genuine amateur in the repeated contemplative 
observation of local conditions. Geology has boasted of several distinguished and devoted 
amateurs in India. The recent comparative scarcity of such labourers must be due to the 
greatly increased activity of official life, and not to any growing distaste for recreation in 
scientific pursuits. Colonel Mcfifahon, Commissioner of Hissar, has sent a box of specimens 
and some very interesting notes illustrative of the only known position of the elastic sand- 
stone. The description is given as far as possible in his own words. 

Kaliana is five miles west from Dadri, a town in the Jheend state, sixty miles nearly due 
west from Delhi. The hill, which is one of the Trigonometrical Survey Stations, is 1,477 feet 
above the sea, and about 740 above the plain. It consists of a long ridge, running for some 
miles in about a north-north-east direction ; one of the many such ridges which in this region 
of the Punjab stretch far into the plains, the alluvial areas between them being confluent 
with that of the Indo-gangetic deposits. These ridges are prolongations of the AravsUi 
mountain system, and are approximately on the line of the Indo-gangetic watershed. The 
ridge of Futehpur Sikri, running north-north-east to within a few miles of Agra, is the most 
westerly member of the Aravali system of disturbance ; it is formed of up-turned Vindhyan 
rocks, being the western limit of the great spread of these ancient deposits, stretching from 
here round by Saugor to Sasseram in Behar. In examining the ground to the west of 
Agra, the Survey geologists have been a little puzzled by the position of the elastic sand- 
stone ; this name, and the superficial appearance of the stone, leading one to expect a 
recurrence of some unaltered rock-group, perhaps an outlier of the Vindhyan series. It is 
an excellent illustration of the way in which deeper geological meanings become attached 
to words based originally upon superficial characters, involving of course a reciprocal restric- 
tion of the extension or denotation of the term. This stone is in reality only a very local 
and modified condition of a massive quartzite, which is the general name for metamorphio 
sandstones. 

The highest part of the ridge immediately overhangs the village of Kaliana. It is 
here double-crested, the projecting ribs being formed by two strong beds of ironstone, a quart- 
zite strongly impregnated by massive specular iron (black hsematite) and some magnetic 
iron, strings of pure ore occurring locally in the mass. These bands of ferruginous quart- 
zite are regularly interstratified with the mica and hornblende-schists ; and the earthy cellular 
quartzite so hirgely quarried for millstones is distinotly an intercalated member of the same 
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aeries, all being nearly vertioal. The elastic sandstone is only found in patches in this band 
of millstone quartzite. There is no regular bed or seam of it ; the stone-cutters, of whom 
there is quite a colony at Kaliana, come upon it suddenly when cutting out slabs of the 
ordinary stone. Often the rock in immediate contact with a nest of elastic sandstone is 
highly indurated and quartzoee. The stone-cutters declare that they sometimes find it in 
the line of the bedding, and sometimes along the joints. Their idea of the matter is, that 
it is a mere local peculiarity of the sandstone rock caused by the percolation of rain water 
and miti (earth) from the surface. If the mitt had been omitted, the native explanation 
is probably the correct one. The only superficially noticeable difference between the two is 
the greater porosity and friability of the elastic stone, owing probably to the removal of 
some thinly permeating cement to which the strong rigidity of the quartzite is due. Among 
the rocks sent by Colonel McMahon there is a variety of this pseudo-metamorphic rock in 
which the earthy ingredient prevails largely over the quartzose. Its aspect is somewhat 
like that of a half-baked fire-brick ; and it would seem as if it had only needed a modicum 
of some alkaloid base to have converted the whole into a form of gneissic rock. 

There are two myths connected with these elastic sandstones which it is desirable to 
diBCTBdii. One is its supposed connection with diamonds. In India at least there b no 
shadow of such connection^ All the widely scattered diamond localities seem somehow 
connected with members of the Vindhyan series of rocks. And, on the other hand, there 
is no tradition of diamonds at Kaliana. The idea comes from Brazil, whence also the fancy 
name Itacolumyte ; it is probable that the connection is quite imaginaiy. 

The other notion is, that the elasticity is attributable to talc, or mica. However this 
may be true of the Brazilian variety, there is no pretence for it in the Kaliana rock ; the 
few small plates of mica in it are quite isolated, the rock not having any schistose (foliated) 
stmcture. The only tenable account of this property of elasticity is that given by Pro- 
fessor Haughton, whose name is a full guarantee of correctness : — *^ A most remarkable cir- 
cumstance sometimes occurs in the formation of these sandstones, which are not composed 
of pure particles of quartz, but of clay mixed with them, na]iiely» that the particles of 
quartz mixed in this clay or paste are permitted a certain amount cf motion. If you take 
an ordinary sandstone, it is like any other rook ; and with a lens you can see the separate 
particles, and that each separate particle is touched on every side by a number of other 
rounded particles that hold it in its place, and it in turn contributes to hold them in their 
places, so as to form of the whole a rigid rock like any other. But» occasionally, in some 
rare cases — ^which, as &r as I have any knowledge of them, are confined to Brazil, South 
Carolina, and Delhi — ^you have a rock composed of particlee of sandstone, which are not 
in contact with each other, but lie in a paste of fielspathic clay, which paste permits a cer- 
tain amount of motion between the particles of the mass." (Haughton's Manual of Gedogy, 
Lecture II, p. 51). It would seem that in the Kaliana rock, doubly metamorphosing con- 
ditions were concerned in its production—n solidifying process to give tenuity to the earthy 
paste, and a partial dissolution to remove the rigidity of its first solidification* 

Elasticity, in its vernacular sense, is a misleading name for the character of this stone. 
It bends without the least sensible increase of resistance up to a certain limit, where it comes 
to hard stop. Mr. P. R. Mallet found that a slab of the Kaliana stone 24-6* x 67" x 1-8*, 
resting on supports 24' apart, gave a deflection of 0*7*' ; and that after saturation with 
water the deflection was reduced to 0*65. 

On the west side of the Kaliana hill and not fiur fiom the top there is an old mine 
cut into the ironstone. It is said that three generations ago it was worked for copper. In 
a piece of schist sent from this spot, there is not the slightest trace of copper stuning; but 
the mica has a very decided copper colour, which may have been the beginning and end of 
the mining experiment.— H. 6. M. 
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Gbolooical Notes on pabt of Nobthbbn HazXbibagh, by F. R. Mallbt, f. o. s.. 

Geological Survey of India. 

In an early namber of these R^oordB (Vol. II, p. 40, 1869,) a brief notice was given of 
the xnetamorphic rocks of Bengal, in the northern part of their area, from the Karakpar 
hills at the north-east corner of the rock-area of the Peninsula, along the lower valley of the 
Ganges and the S6n valley, into the valley of the Narbada, where aU the older formations 
pass under the Dakkin trap. Throughout that distance, in a west-south-west direction, 
and corresponding with those very marked orographical features, the gneiss is fringed by less 
metamorphosed rocks — schists, slates, and quartzites. To give shape to the study of these 
rocks, more than from any compulsion of decided views, a tentative classification was then 
attempted, upon general stratigraphical reasoning, occasionaUy against the apparent (primd 
facie) evidence of local sections. The series thus indicated consisted in chronological order 
of— 1^/, a fundamental gneiss (undiscriminated); 2nd, gneissic schists and quartzites (of 
Mah&bar) corresponding to the less metamorphosed slaty schists and quartzites to the north 
(R&jgir) ; Srd, massive gneissoid (foliated) granite, mostly forming domes ; 4^A, flaggy 
fichists and gneiss with quartzites and amorphous pseudo-gneiss, sometimes conglomeritic 
(Lakisarai, Betia, Sukri, infra-Bij4wars of Bandelkand); 6tk, intrusive invasion 
of pegmatite; 6tk, Bijiwars (of Bandelkand and the Agori zone of the S6n valley). 

The hazardous points of this scheme were known to be — ^the doubtfully granitic (exotic) 
character of any of the dome gneiss, and principally, the supposition of gneissose rocks 
(No. 4) greatly younger than the schist and quartzite series (No. 2). Both positions were 
placed primarily upon the same general evidence — ^the universally intense folding, with 
cleavage of the schist and quartzite series, compared with the frequently moderate disturbance 
in a portion of the gneissic rocks, which, moreover, seemed to occupy a position of general 
superficiality as regards the main body of the gneiss and to contain locally debris of the 
quartzite series. 

The detailed survey of which these notes are a first instalment was undertaken in the 
hope of working out some more definite views upon rocks forming so broad a feature in the 
geology of India. The observations refer to what seemed to be a key to the position, where 
the schists and quartzites of Mah&bar are well exposed in connection with the gneiss. The 
area especially referred to is contained in sheets Nos. 7 and 8 of the new topographical survey 
of Haz&rib&gh district, on the scale of one-inch to the mile, of which sheets this note may be 
taken as a description ; some observations, however, referring to the adjoining ground where 
the geological mapping was incomplete. As the survey of this region has been interrupted 
by orders of Government, in order to take up the examination of some supposed coal-bearing 
ground at the base of the Eastern Himalaya, it is well to make a record of the work 
80 far done. Thus far the views suggested by the sketch-survey have not been upheld 
as applicable to the section here; the massive dome-gneiss, of which some magnificent 
examples occur, is not proved to be in any special sense intrusive, or foreign to the rocks with 
which it is associated; and the flaggy schists with quartzites of the Sukri seem to bean 
irregular basal member of the M ah 4 bar series, rather than a much later and independent 
group; however this relation may still be maintained for the conglomeritic pseudo-gneiss 
of Lakisarai and Bandelkand. 

Immediately to the south of the above-mentioned area (that included in sheets 7 and 8) 
spreads the comparatively level highland of Karrakdiha, the extreme edge of which invades 
sheet 8 in one or two places, as at Gajhandi and Simmeria. To the north again of the 
M ah 4b a r and Bhi aura ranges, the alluvial planes of Bih4r stietch to the horizon, save 
here and there where some outiying hill breaks the continuity of the prospect. The area 
under discussion, thci*cfore, comprises a part of the jungly and hilly country which marks the 
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descent from the open and cultiyated Haz4rib4gh plateau to the Gangetic plainB. This 
broken interval yaries very much in breadth ; in the soi^th-west corner of sheet 8 we have 
Sfdwat4nd and Bishanpar respectivdj on the plateau and alluvium and separated by 
less than a ko8» whibt from Simmeria some fifteen miles jnust be crossed befoie the 
alluvium comes in sight along the northern base of the Mahibar hills. 

Only two prominent groups of stratified rock are present : the metamorphio composed 
mainly of gneiss^ with runs of hornblende rock, and the submetamorphic* which is made up 
almost entirely of mica-schists and quartzites, with some homblendic bands. It is scarcely 
necessary to say that the quartadtes and the more granitiform varieties of gneiss form the 
highest and most imposing masses of hill, 0. g,, the Bhiaura and Mah&bar ranges, 
Durb&sha and M&ramoko Hills, whilst instances are not uncommon in which the lines of 
drainage have been scooped out of the softer schists, as in the western part of sheet 8. 

MsTAMOBFHics. — Lithologically the gneiss presents few characteristios differing from 
the ordinary ones which have been so often described elsewhere. The actual gneiss itself is 
usually composed of felspar having commonly a red color, although sometimes White, quartz, 
and uniaTial mica in small dark green or black scales. Hornblende rock and schist are 
veiy abundant, varying in texture from a compact stony variety to one in which the 
foliation is very prominent Subordinate runs of micarschist also occur, some of which 
are composed of a mixture of black mica and hornblende with quartz, others of silvery 
mica with quartz ; the latter variety is similar in appearance to some of the mica-schists 
of the submetamorphic series^ although clearly interbanded with and passing into the 
gneiss. 

Seldom are more perfect examples of the dome-shaped form of hUl into which the gneiss 
sometimes weathers to be found than in the present, area. IVo cases are more especially 
prominent; the hiUs which- run along the north side of the Bhiaura range and those whi<^ 
internally fringe the quartzite ridge' tiorth of G&wan. In the former instance the domes 
extend from B^lchaki eastwards to north of Dhubni, the rock throughout being a very 
homogeneoust compound (viewed on the large scale) of white felspar, quartz and black mica, 
containing also Ul-formed poi-phyritic crystals of similar felspar. Kearly vertical foliation 
is almost everywhere dearly marked, even on the smooth rounded faces of the hills, running 
parallel to the quartz ridge on the south. In the previous notice of these rocks already 
alluded to, while the foliated character of tl^e rock forming tlie B^lchaki domes, and the 
absence of dykes ramifying from it into the adjacent quartzite, is noticed, the possibility of 
its being, notwithstanding, of a truly granitic character is suggested, partly on stratigra- 
phical grounds and partly from the appearance of reaction of the rock in question and the 
quartzite on each other. My own more detailed examination, however, has led me to regard 
it as belonging to the metamorphic series. It certainly is more homogeneous on the large 
scale than the nuus of the gneissose rocks ; it does not include subordinate bands of other 
rocka such as hornblende or mica-schist. I think, however, that this is due, not to the homo- 
geneous and the mixed rocks being distinct in origin, but to the fact (as I take it) that 
homogeniety is a necessary element in the production of the domes, and hence that it is only 
such portions of the gneiss as possess this homogeniety that weather into domes. The 
gneiss north-west of Ohurki for instance, and again at Pokriamo,i8 itself exactly of the B^l- 
chaki type, but it is interbanded with layers and beds of hornblende schist, and in neither 
case have prominent domes been formed. 

* The prefix 'sob' is oa^d here, m In prerions pApen in thete volnmet in the nme oonneotton, to denote sa 
Inferior degree of metamorphlBin, and hae no reference to the etratigr^hical poeition of the rocks in qnestion. 

t IntheTAlley sonth of Btflehakl there is a low hillock formed of what I take to he hornblende rock, 
atthonf h possibly trftppean. This is the onlj SKeeption I lisve obstrfed, and it is in the ftll^ between the domes , 
not in the domes themselTes, 
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Small yeins of segregitio pegmatite, having the same oompontioii as the sniroviiidiiig 
rock, from, which they onlj differ in hugeness of crystallization, are not nncommon in the 
gneiss ; they seldom exceed two or three feet in thickness, are sometimes short and lenticnlar, 
in other cases traceable for some littie distance. It is sometimes not easy to distingoiBh 
these from the granite veins to he described farther on. 

lAmesUme, — Calcareous rocks are very rare in the metamorphics of this region. In 
fact I have observed none in sheets 7 or 8 except a thick band of dolomitio limestone at 
Dhelwa (north of Q&wan), which may, however, belong to the snbmetamorphie series, 
and a few thin layers of the same rock close to G&wan. 

In the bed of the Patrn nadi, north-east of Qnlgo^ (east side of sheet 3) the following 
section is exposed :— 

a.»Homblende schist overlaid by 

5.-— Largely erystalline white limestone containing scales of light green mica here 
and there ; this bed is about 6 feet thick, and is covered by 

«.«*A peculiar mixture of garnet and ooccolite containing traces of galena and copper. 
In places the two minerals are well intermixed, in others the garnet ooenrs in a 
pure massive form (so called calderite) ; only a few foet of this rock (e) is seen. 

The beds in this section, which is on the south side of the stream, dip at about 15^ 
to east-north-east, and the same strata are seen on the opposite side also, the distance from 
bank to bank, or length of visible outcrop, being perhaps 50 yards. An analyris of the 
limestone by Mr. Tween yielded — 
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The locality is worth notice, as being within fifteen miles of Mahishmon station on the 
Karharb&ri branch of the East Indian Bailway, over a country traversable by carts ; more 
especially so in the event of iron works being started at B&niganj, the distance of which 
from Mahishmon is seveniy-nine miles by rail. The bed is thin no doubt, but it may extend a 
considerable distance, and perhaps increase in thickness along the strike, and there is farther 
the possibility of its being brought to the surface elsewhere in the neighbourhood by rolls in 
the strata. These points can only be determined by a dose survey of the ground, which is 
beyond the limits of the area at present completed. A limited supply of vexy good 
mineral, either for burning or as a flux, can, however, undoubtedly be obtained then, 
whilst there is the possibility that if the bed were opened out, it would prove of considerable 
value. The nearest known locality where limestone occurs plentifully is Bhot&Bgarh on the 
S6n, the transport of stone from which to B&niganj would involve over eighiy miles of river 
and 236 miles of railway carriage ; a bed, therefore, like the above, although it may perhaps 
not prove to be of much importance, is still well worth a trial. 

Xea(^of0«.» Galena is sparsely disseminated here and there through the garnet and 
coccolite rock mentioned above, as overlying the limestone; and minute specks of copper 
pyrites and blende are also visible, the rock in one or two places bebg etuned bright gx«en 
by copper. 

On the north bank of the river the beds are cut through by a nearly vertical granite 
vein, which also contains traces of galena, and the felspar in which is partly amaaonstone, 
the color being probaUy due to copper. Both lead and copper, however, mmly occur very 
sparingly disseminated through these rocks. There is no indication of a lode^ or any 
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muBKm fox snpposing the ores to exist more plentifully in the yioinitj. The locality was 
pointed out to me by the agent of the semindar to whom the land belongs as one in which 
lead had been fonnd. He had caused some excavations to be made in the hope of finding 
mores which I advised him to disoontinne. 

I was also informed that some loose fragments of lead-ore (oerosrate apparently from 
the description) had been fonnd loose on the surface of the soil just east of Mehiand&di 
(sheet 3) about a year ago, and also to the south of the village ; and that on digging in the 
latter locality some more was found two or three feet below the sur£use. 

Cerussite was found by some Santh&ls, from one of whom I obtained a specimen, under 
similar circumstances at Barhamasia (sheet 3), some five or six years ago, and a small 
quantity of lead smelted fiwm it» after which it appears they closed the hole up in order 
to keep the discovery a secret About two yean ago also a Son&r was looking for pieces 
of kankar, to make Ume for p&n, near the village of Nauwada, south-west of Dhurgaon 
(sheet 9). On putting some pieces of what he supposed to be such in the firo in order to 
bum them, he was rather surprised to find globules of lead to have resulted from the 
operation. He then searched the locality for more^ but failed in finding any at the time. 
In the rains, however, when the earth had been washed away from the loose surface stones, 
he found a few pieces, aggregating about half a sir, from which he obtained a small quantity 
of lead. The ore in question is a dark red cerussite, like that of Barhamasia; and 
similar fragments are said to have been found close to Khesmi (sheet 9). In all these 
localities they probably indicate the existence of lead-ore somewhere in the yidnily, but not 
necessarily at the immediate spot, as they appear in every case to have been found either 
loose on the surface or embedded in the surface soU. They furnish no evidence of the 
presence of lead in workable quantity, although there is of course the possibility of the 
existence of such. It would perhaps be worth while to expend a small sum in examiniog 
the localities at Barhamasia and south of Mehand&di. 

2ViM^0fM.-^Tin-ore was worked some years ago at Nurgo, a village just south of the 
Bar&kar and shout three miles firom Leda (eight miles west of Kar harb&ri). The original 
diKovery of the tin appears to have been purely aoddental on the part of some Eiols, who 
having dug up the ore and smelted it as one of iron, were surprized to see what they took 
for silver, flow firom the tap-hole. They endeavoured to dispose of it as such at Riniganj, 
and there learnt its true nature. They then abandoned the pit, and after a few years the 
exact locality where it occurred was forgotten. Subsequentiy a Mr. Lord determined to 
work the ore, and after several trial sinkings succeeded in hitting upon the right spot. 

The ore occurred in three or four lenticular beds or nests in the gneiss, the cross section 
being lenticular and seldom more than a foot or two across, although at one or two points 
as much as thirteen, while the nests extended over 20 yards in a direction nearly parallel 
to the foliation of the gneiss, from the outcrop to the limit of the workings. The gneiss 
(which b of a thinly foliated, rather rotten variety, including a few thin segregitic seams 
of pegmatite) dipa at about 26° to £. 10** N., the nests consequently having a similar direction. 
The ore consisted of gneiss through which crystals and grains of tin were thickly dis- 
tributed. Mr. Deveria, Mr. Lord'a manager, followed these tin-bearing nests for about 
20 yards by an inclined gallery;* the tin was then decreasing rapidly in quantity, while 
the rock was harder, and a large quantity of water draining into the mine ; and hence the 
gross receipts being less than the working expenses, the mine was abandoned. 

During the time it was worked, the ore after being brought to the surface, was broken 
up while still fresh (as it hardened considerably by exposure) with a common country dheki. 

• My Mend Mr- T. H. Hughes had an opportunity of feeing the mine when open, and it It from his notes that 
this brief account is given. 
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The pounded ore was tiien plaoed in a basket and washed by hand, by which means moat 
of the Hghter impurities, chiefly qnartz and ^par, were removed. SubeeqnenUy after 
drying, it was nfted in a chop (winnowing basket) to separate the remaining saad. When 
a sufficient amount of ore had been accumulated, it was smelted with chaieoal in an ordinary 
aguria's furnace, the charges being the same as those used in iron smiting. The tin, 
aftdr being run out and cooled with water, was broken up, the dean metal laid aside pr^ 
paratory to casting, and the rest, which was much mixed with charcoal, returned to the 
furnace. The clean tin was re-melted in a large open iron yessel and ladled out into moulds, 
holding about 40 fts. of metal each. Altogether only about twelve maunds of tin was 
produced, as I was informed by a native of the place who had worked under Mr. Deveria. 

Magnttie iron. — There are a few ferruginous bands scattered through the gneiss, 
containing a certain proportion of magnetic iron. I have not observed any very rich ores, 
although poorer ones axe often smelted by the native ** aguriis." Idagnetite is also sometiikies 
disseminated through the gneiss itself in small quantity, and ooUeots in some of the stream 
beds to a trifling extent. 

SUfilCBTAMO&PHIGS. 

Belations to Metamorphdce. — The difficult question of the relations between the 
metamorphios and iiubmetamorphics is one which must eventually be decided by a review of 
the entire area, or at least of a large portion thereof, unless, indeed* we are fortunate enough 
to obtain some crucial sections which will prove a key to the solution of tiie problem. Such 
sections, however, are not available in our present ground. 

Starting with the identification of the Mah4bar schists and quaitrites with tiiose of 
B&j gf r and Karakpur as suggested by Mr. Medlicott, we shall find that whatever may be 
the case elsewhere, there are no indications here of strongly marked unconformiiy to tiie 
gneiss. Taking, for instance, the line of junction between the quartzite and gneiss north of 
G&wan, we see that it bends round successively from N. W. to N. £., £•, S. K and £. N. £., 
the strike of each rock being throughout parallel to tiie boundary ; and not only do they agree 
in strike, ' but also in dip. Along the greatest portion of the above line the gneiss underiies 
the quartzite ; but near G4wan, and also at Har diha, the reverse is the case (the strata here 
being inverted) ; thioughout also, whether the dip be natural or inverted, it is equal in both 
at any given point. 

Individual sections are also obtainable in which the same absence of unoonfbmiify is 
apparent. Thus, where the stream cuts through the quartzite ridge due north of Moman- 
khit&n, the la^t gtieiss seen is well foliated, dipping 60^ to N. 20° £., and composed of 
reddish felspar, quartz and schorl, the last being aggregated in places into large masses of 
crystals. Twenty yards lower down stream (higher in the section), and with similar dip, is 
granular quartzite composed of translucent grains ; a little lower it contains small innate crys- 
tals of schorl and mica. Beyond this is more quartzite with a small included band of mica- 
schist, and the Dadho range is entirely of the latter rock. North-east of Bime, again, the 
gneiss is schistose, and the quartzite somewhat f elspathic near the junction, so that the two 
rocks have the appearance of passing into each other within a few yards across the strike. 

The same parallelism of strike is also observable on the large scale along the Bhiaura 
junction, from B^lchaki tb Dhubni, in the dome gneiss. South-east of Belghati, 
however, the strike is not sufficientiy regular to allow one to say whetiier, as a whole, 
it is parallel to that of the quartzite or not The gneiss here is much mixed with 
hornblende schist, &q,, and I do not think the beds are the same as those which form the 
domes. Here, then, is perhaps a case of unconformity, although it might also be explained 
by faulting. 



PAiLT 1.] Mallet: Oeologieal Notes. 37 

Micaceous qoartzite is again seen in the hills west of Manjne, being, I believe, the same 
as that to the east ; but the junction with the gneiss is here somewhat different. From 
Deothan to Pacharfdi the dip is mostly under 80^, the rocks in the southern part of 
the section being schistose homblendic gneiss (dome gneiss in the hill north of Deothan) 
with hornblende schist and rock ; these become more schistose to the north-east and pass into 
mica-schist, above which again is schistose quartadte. 

Quartzite is again found to overlie the gneiss in the western part of sheet 8, whilst in 
the centre of the same the mica-schists are in immediate contact. It may, perhaps, be 
suggested that the quartzite should be included with the gneiss, and the boundaiy between 
the two series drawn above the former, the abi»ence of quartadte in places being thus due to 
unconformity. It will be found, however, when describing the submetamorphics, that while 
there is generally, at least, a well-marked junction between the gneiss and quartzite, none 
such is obtainable between the latter and the schists ; it is, however, to be observed, that the 
junction of the schists with the gneiss is also everywhere one of passage, soinetimes gradual, 
sometimes tolerably sharp, but still a passage; and the foliation of each rook is always, as 
far as my observations extend, parallel to the common boundaiy : at least, if there be. any 
deviation it is so slight as to escape detection. 

Some local cases have been mentioned above, in which the gneiss overlies the submeta- 
morphics at high angles. Such are, undoubtedly, invertions of the strata, the metamorphics 
being clearly tiie lower series. Amongst other examples in which the true superposition of 
the submetamorphics is apparent, I may mention the Deothan section, the band of 
quartzite north of G&wan, and the schists flanking the gneiss hills north of Bhul&di. 

Although no unconformity is discernible between the two series in the present area, this 
does not necessarily militate against the unconformity which has been supposed to exist else- 
where. In the Yindhyans of Central and Nortii-Westem India, we have an example of a 
great formation, which, notwithstanding its age, is undisturbed over lai^ tracts of countxy ; 
whilst in other areas, like the Dh&r Forest, the strata are highly contorted. If on such a 
formation another great series were deposited, the two would clearly be unconformable to 
each other, although such unconformity would not be discernible in many places ; and if 
at some subsequent epoch both were greatly disturbed, the resulting relations of the two 
series to each other would perhaps bear some resemblance to those of the metamorphics and 
submetamorphics. 

8tratigraj>hy.-'li a section be taken from north to south across the B h i a u r a range, a 
fitUe to the west of the trigonometrical station, the following succession of strata is passed 
over in ascending order — ^the dip throughout being to the south at high angles, but decreas- 
ing somewhat from north to south, the gneiss b being nearly or quite vertical, while the 
mica-schists k are inclined at 60° or 70«>— 

a.--€kingetic alluvium of B i h & r. 
b, — Gneiss forming dome-4S(haped hills. 

c.^Small band of mica-, mth probably some hornblende- schist, fragments of the latter 
being strewn about. 

d. — Quartzite fanning the ridge on trhich the trigonometrical station is situated ; some 
portions are a hard, finely granular rook, breaking with a sub-vitreous fractoro, 
and occurring in beds from one to two or three feet thick, in which no schistose 
structuro is developed ; others are coarse-grained and mioaeeotts^ and micaceous 
flaggy beds are also met with. 

e, — Hornblende rock and schist, with mica-schist and interbanded kyers of quartzite. In 
some of the hornblende schist the foliated structure is well developed ; elsewhere 
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the rock has sometimeB a Tcry trappean aspect^ and I am not snxe that some of 
it is not trap, either contemporaneoiis or more probably in dykes parallel to the 
foliation. A veiy clear-cut line of demarcation between it and the qnartdte is 
sometimes yisible, and that there is more or less trap hereabout is certain ficom 
an observation on the top of the gh&t which crosses the qnartzite ridge north 
of Fhnlwaria. Here a band of greenstone, about 16 inches broad, is seen run- 
ning N. 10^ E., or nearly at right angles to the strike of the quartzite. It can 
only be traced for 10 or 15 feet, but is clearly a dyke. 

/. — Quartzite similar to c, 

jr. — Hornblende rock and schist with mica-echist, &c., similar to d. 

h. — Quartzite similar to e. 

t.— A Yeiy thick band of hornblende rock and schist. Mooh of it is of the former 
variety ; but the schistose structure is veiy common ako^ and the rock aometimes 
contains a considerable amount of quartz in seam-like nests here and there. 

y. — ^A broad band of schistose, micaceous quartzite. It is coarsely g^nular, and much 
softer than the quartzites to the north, so that it does not, like them, rise into a 
lofty ridge. It contains a good deal of interbanded mica-schist, and the mica- 
schist to the south (k) contain subordinate layers of quartzite, the two rocks not 
being dearly demarcated from each other. 

k, — Mica-schist, passing in places into arenaceous schist, and thence into micaceous 
quartz schist. No distinct line can be drawn between these, but the main mass 
of the rock is mica-schist. Along the southern fade of the hills it is full of 
small crystals of garnet and andalusite, the latter sometimes so plentiful as in 
weathering out to cover the surface with gravel. 

/.— Gangetic alluvium of the Sakri valley. 

The quartzites d, f, and k of the above section form three lofty parallel ridges (the 
valleys between being occupied respectively by the beds e and g), and the possibUity of 
their being in reality the same beds repeated by folding at once suggests itself. Detailed 
examination of the range, however, did not lead me to adopt this view. 

In following the strata towards the west, e and g are found to disappear, and the three 
quartzite ridges join into one, in which d, /, and h, may be, and probably are, all represmted. 
The homblendic band i also tiiins out in the same direction, and where the Sakri river cuts 
through the range, nothing but quartzite rises above the level of ihe alluvixmi, forming a 
ridge of greaUy reduced elevation. A few miles further on, Mr. Medlioott found it gradually 
to come to an end also. 

To the east, again, we find a great twist in the strata at Dhubni, and e and g can only be 
traced a short distance beyond this point ; hornblende rock, however, is again vbible on the 
top of the ridge east of Mokrumo ; i and j also thin out to the east, so that at Nurpani 
H. S. and beyond, the range is again reduced to a single band of quartzite. 

It will be observed that all along the B hi aura range the strike of the foliation 
of the schists corresponds with the direction in which the different alternations of 
rocks themselves run. Generally speaUng, the bedding and foliation of the mica-schist 
lie in the same plane, although instances are not unfrequeat in which they do not 
do so. In the former case, the rock has a tendency to weather into more or less slab-like 
pieces, whilst we find it to split much less easily where the foliation and bedding differ, and to 
weather into featureless hillocks, Uke those of Dumduma (sheet 7). 
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The section across the Ghagra Talley is a synclinal, the band of quartzite norih of 
G&wan being clearly the same as that at Nnrp&ni. It toms round again in sheet 2 
(as observed by Mr. WiUson), and re-enters sheet 8, near G&wan, where it again bends round 
sharply to south-east. It is here interbanded with hornblende- and mica-schists, the section 
in this respect resembling that of the B h i a u r a range. 

There appears to be another synclinal in the 8akri valley below Birne, the 
quartutes on both mdes being, I believe, the same ; that on the lefb^ however, is softer and 
more micaceous, much of it, in fact, verging towards a micaceous quartz schist, and passing 
insensibly into the mica-schist below. The same rock much mixed with mica-schist, and even 
gneissose beds, is foxmd again north-east of Pihra, the boundary between it and the 
metamorphics being a faulted one, indicated along the greater portion of its length by a line 
of homstone. 

Further south still, the mica-schists are most commonly, but not always, found in diiect 
contact with the gneiss. The rock in the neighbourhood of Bajpura is of a very inde- 
finite character, every gradation from quartzite to mica-schist being found, but too much 
mixed up to admit of separation. In the western part of the sheet, as I have previously 
pointed out, the quartzite makes its appearance again, but in the Batanpur area the 
schists are the contact rocks, there being here, as elsewhere, a passage, sometimes gradual, 
sometimes tolerably sharp, into the gneiss. North-west of the above-mentioned village the 
mica-schist contains abundance of staurolite. 

In Mah&bar Hill we have the highest member of the series present in this part 
of the country : a gxeat thickness of quartzite overlying the mioa-schiBta. At the mouth 
of the M angr aun gorge the junction of the two rooks is well seen, there being a complete 
passage from one to the other in about 20 yards ; half-way between thin layers of both 
are interstratified. The quartzite forms a great syndinal, dipping everywhere (at the ends 
of the hiU as well as on the flanks) into the hill at angles mostly from 90^ to 80^. In the 
central part of the range the rook is so crushed, that the bedding is sometimes quite obscured. 
In some oases also, planes of what appear to be cleavage, are visible, having a direction differ- 
ent firom that of the bedding. This peculiar trough-like conformation, and the high in- 
dination of the strata, is remarkably favorable to the retention of water, and the volume 
flowing from the densely forest-dad gorges which wind in amongst the hills, strikea one as 
exoeptionally great. 

The absence in the Patru valley of the large thickness of miea-sdusts, which is 
present immediately to the south-west, must, I believe, be attributed to a fault with northern 
downthrow. The junction of the quartzite with the schists however, and of the latter with 
the gneiss, is natural, so that the fault must occur in the schists themselves. It is apparently 
by another fault running north and south with western downthrow, that the quartzite is 
brought almost in contact with the gneiss in the valley north ofKotiy&r. 

According to the above view, it will be seen that in Northern Haz&rib&gh the sub- 
metamorphics indude three main subordinate groups, viz, .*— 
Mdhdbar quartute. 

Mica^chiHtf induding subordinate bands of arenaceous and homblendic schists. 
Bkiaura quartzite, sometimes wanting, in other places attaining a great thickness, 
and sometimes interbanded with hornblende- and mica-schists. 
PioiiATiTB GSAKITB. — ^Through both gndss and submetamorphios, but especially in the 
latter, there is a large devdopment of pegmatitic granite,* penetrating the older rocks in 

* In mMt BBgUih itandsrd wocki on gwdogj pegmattto is defined •• connitttng wsuntisllj of qvarim and 
felspar, with little or no mloa; and in lome, as identioal with graphic granite. iJeleiae, howvrer, and Naomann 
deacribe it aa a wrj ooaree mixtare of qnarts, felspar, and lilTeiy mica, often containing tonrmallne. It Ii in the 
latter aense that the word is oaed here. 
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inDuneraUe dykes and rans, as well as in larger masses. Hie rock is generallj a yery coarse 
quatemtry compound, composed of quartz, felspar, mica, and toormaline, united in very 
varying proportions. 

The quartz is white and translucent to semi«transparent, and never, so far as I have 
observed, presents any approach to Gzystsllization. The felspar is sometimes orfchoclase, 
sometimes albite, the latter having an opaque white color : the orthodase is also generally 
white, but of a less pure tint ; occasionally it is more or less reddish. The mica (muscovite) 
generally has a smoke brown color in plates of moderate thickness, although colorless in thin 
lamime. When perfectly unaltered and free from internal foreign matter, it is highly trans- 
parent, but where decomposed, it loses some of its diaphaniety and acquires a more silvery 
lustre. The plates occur of evexy size, up to 18 inches diameter or more, but such very 
large ones are much less common as those of a few inches across. Occasionally, two minor 
cleavages are apparent (ooP and oopao)^ parallel to the latter of which more espedally, the 
mineral divides into narrow ribbons, and fibres like asbestos, or, where both are present, it is 
divided by them into equilateral triangles. Greenish-gray beautifully plumose mica is also 
not uncommon, weathering out in small irregular masses above the general surface of the 
rock. Dark-brown and olive-green biotite sometimes occurs, but even where most plentiful, it 
is qtiite subordinate to the muscovite, which it never altogether replaces. Occasionally the 
plates are some inches across, and include smaller interlaminated ones of muscovite. 

Tourmaline is rarely entirely absent from the pegmatite^ and most usuaUy forms an 
important ingredient in it. The ciTstals often attain a large size ; those of two and three 
inches across are common, and in some dykes th^ are met with over six inches diameter. 
Owing to the great brittleness of this mineral, in comparison to the felspar and quartz in 
which it is imbedded, crystals approaching perfection are rarely obtainable ; the few I did 
secure were of the common form a> P2. ao R. •— JR. SomeiimeB the prisms lie parallel 
to each other and perpendicular to the walls of the vein, but this is far from being universal, 
or even common, and it seems, as might be expected, to be more usually observable in dykes 
of a few feet in thickness. The tourmaline is jet black with brilliant lustre, and the huge 
lumps often met with in the mica mines are superficially not unlike anthracite ; some of the 
miners who have seen theKarharb&ri coalffieM take them to be coal, but few of them have 
any idea of what real coal is like« Small crystals of tourmaline are sometimes found imbedded 
in plates of mica, with their principal axis parallel to the cleavage of the latter; crystals are 
again observable penetrating others of the same species. It appears that the tourmaline was 
generally the first to ciystaUize, the mica next, afterwards the felspar, and the quartz to have 
resulted last. 

The relative prpportions of the different minerals vary greatly ; generally aU four are pre- 
sent, but in some places the rock consists chiefly of felspar and mica with little quartz, in 
others it is made up entirely of quartz and mica, and the latter again diminishes in amount 
until the rock passes into micaceous or into pure vein quartz. Graphic granite, composed of 
felspar with a little quartz, is another variety occssionaUy met with. Sometimes the tourma- 
line is absent, in other cases it is one of the most prominent constituents of the rock. 

The pegmatite, as a whole, is very largely crystallized, but one of its most marked 
characteristics is its unevrnmeu of texture. In one place it may be comparatively fine, but 
here within a few feet a great mass of pure felspar, with cleavage faces a foot long, occurs, and 
there another of translucent quartz, or perhaps these contain plates of mica over a foot across. 
It IB worthy of note that ^le coarsest pegmatite often occurs in dykes of only a few yards in 
breadth, not in the large granitic masses, and it is in the dykes consequently that nearly all 
of the mica mines have been sunk. 
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OoefldonaOy the granite oceapies eonaiderable areas, as sooth of Pih r a, where in a large 
mass of inegnlar hiHs no other xoek is seen, and again south of G-iwan; for a mile below 
86nkh the Sakri river flows oontrnnonsly throngh it. Most commonly, howeyer, it is 
fonnd penetrating the older roeks in dykes and veins, varying firom 60 yards or more in thick- 
ness, down to less than an inch. These are more nsnally roughly parallel to the foliation of 
the rooks they penetrate, but by no means nniversally so. Many cat through quite obliquely 
and irregularly, and ramify in various directions. They are mostly vertical or hade at high 
angles (agreeing in this respect with the foliation), but instances occur where they are nearly 
horizontal. Such horizonal dykes of greater thickness than usual may perhaps, in some oases, 
give rise to the larger granitic areas. 

Hie snrroanding rocks seldom present nrach appearance of alteration in the vicinity of 
the granite ; generally the jttnotion is quite sharp, and the beds in immediate contact not 
dilEerent from what they are at a distance. It is to be remembered, however, that these beds 
had perhaps already undergone metamorphism before the introduction of the granite. Some* 
times there is a rapid passage of a few inches from one rock to the other, as if the strata in 
immediate proximity had been fused or greatly softened* South of Pihra^ the micaHsclusts 
south of the large spread of granite there, pass into gneiss near the junction ; but as there 
is always a gradation from the mica-schist into the true metamorphics in this portion of the 
country, it does not follow that the above passage is in any way connected with the granite. 

After an examination of the granite in the innumerable dykes and veins, presenting 
every appearance of having forced its way in uneven and ramifying courses through the 
circumjacent strata, one can scarcely avoid feeling satisfied as to its truly intrusive origin, 
and the fiict of its maintaining a constant mineral character amongst the different rocks 
through which the dykes occur, whether these be gneiss, mica-, hornblende-, or quartz- 
schist or even limestone, some of which are rocks firom which the granite could not possibly 
have been produced by any mere chemical re-arrangement, leavies no escape from this view. It 
is, however, on the other hand, not easy to explain the occurrence of thin strings of granite 
of an inch or half an inch thick, running exactiy parallel to the foliation of the including mica 
schist for many yards, and at a distance from any visible dyke, and of lenticular pockets 
(also parallel to the foliation) completely isolated to aU appearance in the surrounding rook. 
Such cases are so very common, that I scarcely think it is always a sufficient explanation to 
say that they are ofishoots of some dyke hidden beneath the surfiice, or were once connected 
with a dyke above, which has since been removed by denudation. I have already alluded to 
the passage of the granite into vein quartz. These are points requiring elucidation, but that 
the granite is really intrusive is beyond question. 

The dykes are far more plentiful in the submetamorphio than in the metamorphio series, 
and their distribution in the former is very unequal. In some areas they occur, large and 
small, by hundreds ; in others they are entirely wanting. 

Mtca Mines. — It is in this granite that the well-known mica mines of Bih&r* and 
the neighbouring districts are situated. I have previously said that the coarsest pegmatite 
is firequentiy found in dykes of moderate thickness, in which, therefore, plates of mica of the 
largest size occur, and it is such dykes that the miners generally select for their operations. 
They pay from one to two rupees each per annum, according to the richness of the yield, 
to the owner of the land for the privilege of mining. The usual mode of working is simply to 
excavate a trench along the course dT the dyke, which in the G4wan neighbourhood is 
seldom carried deeper than 20 or 26 feet Sometimes where there is a considerable thickness 



* A paper by Captain Bhenrill on the mode of working the mioa mines in the B i hi r ^triet maj be foond in 
the Joomal Aiiatio Sodetj, Bengal, toI, XS;, p. S96. 
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of deoompofled mica near the surface, rade shalW aae sank to the fireah and nningared mineral, 
and excavations carried on lateraUy from the bottom. In a few cases also, rough horisEontal 
galleries are driven in from the side <^ a hill. In the last methods of conrse aartifictal light is 
necessary. No precaution is taken to support the roof^ and accidents are not unfrequent 
from its falling in. 

The plates of mica are generally brought to the miners' village, and there, after being 
slightly trimmed with ordinary grass-cutting knives, (which are not particularly well adapted 
for the purpose, but are probably the only ones the people are able to purchase,) they are 
sorted into different heaps according to quality and size. The quality depends on the mineral 
being in a perfectly unaltered condition, its transparency and freedom from cloudiness caosed 
by internal foreign matter, the absence of minor cleavages which render it liable to split 
into ribbons and triangles, and the planeness of its fissile surfiMOs. Six kinds are recognised 
according to the size of the plates, viat. ;— 

1^. — Sanjhla. 4^A.'— Earra. 

2iK^.— Manjhla. 6^A.— Urtha. 

dni.— B4si. 6M.— Admalla. 

Some of the miners intercalate failurtha between urtha and admalla, and speak of 
another size (bark a) still lai^r than admalla. All these terms are used rather vaguely 
in respect to the absolute size of the pktes indicated thereby. At Dh4b and Jamt&ra I 
induced the miners to separate a quantity of the mica into the different grades, and mea- 
sured an average specimen of each, with the following results i~^ 

Sanjhla ... ... 

Manjhla 

B&si . ... ... ... 

Jj^arra ••• «.. ••• 

The above four sizes include the greater portion of the mica found, it being only in the 
best mines that urtha and admalla are procurable. The largest plates I have myself seen 
measured 19" x 14" and 2Cr X ir inches, but I was informed that considerably larger ones 
are sometimes obtained. 

The mica is sold by the load, which is built up of the plates, either into one frustrum of 
a cone and carried on the head, after being bound together with cord« or into two such, and 
carried in a bdnghi. A load equals 6 paserfs, one paseri being equal to 5 kacha sirs of 
12 chataks each, or to 3f paka sirs of 16 chatdks; the load, therefore, being 22\ sirs 
paka, or 46Ib8. avoirdupois. The miners informed me that the prices paid to them by the 
mahijans were as follows : — 

Per load. 

Sanjhla ... ... ... •- 3 annas, 

Manjnla ... ... •« m. 5 „ 

•ttasi ••. M. ••• ••• 7 „ 

Karra ... »•• ... ... 12 „ 

Urtha ... ... ... ... 2 to 6 rupees, 

Admalla ... ... ... ... 4 to 9 „ 

the selling prices being about double the above. 

The value of the large plates more especially varies greatly with the quality. I was 
informed by Colonel Boddam that plates of first qutJity of 18 inches diameter fetch as much 
as 60 rupis a m4nd in the market, or about 30 rupts a load. 



Dh&b. 
6" X 4" 


Jamtara. 
4" X 3" 


7 x6 


5 x4 


9 x6 


6 x5 


12 X 9 


8 x6 
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Aoeeesory MineraU : LepidoUte.'-^AoceBaoTy minerak are not very numerous. Amongst 
those which occur, the most ahundant is lepidolite, which, although not widely distributed, 
exists in considerable quantity where it does appear. I first observed it in a dyke a little to 
the south-west of Pihra, where the granite is composed of white fekpar, quartz, and irregular 
masses of lepiddite occurring as a scaly aggregate, varying in color firom violet-red to greyish- 
videt. The mineral is also found of a lead-grey and violet^rey color, mixed with quartz. 
An analysis of the violet-red variety by Mr. Tween yielded the following results : — 

Silica ... ... ... •.. ••• 60*39 

Alumina — ••, ••• ... 31 '63 

Oxide of Manganese ... ... m. tr. 

Iiithia ••• M. ••« ... ... 3*71 

Potash ... ... ... ... ... 1'40 

Docia M« • • • a *** *** *** *^ ^^^ 

Fluorine ••. m* ••• ... 5*00 

Loss on igniting m. ^ ••• — 4*23 

10216 



Small black grains and crystals of tinstone are occasionally discernible in both the 
above varieties. Lepidolite is abo met with in a dyke a little to the south-east of this locality ; 
ako just north of Bhulidi, and again about a mile south of Manimundar, where the sides 
of a hillock are strewn with blocks, one of which was estimated to weigh about 8 cwt. 

OreM and blue Tourmaline, — ^At the two firsi*mentioned localities associated with the 
lepidolite is tourmaline, which varies in color from green to indigo-blue ; some cxystals being 
blue in the interior and green externally. The prisms chiefly traverse, parallel to the 
cleavage, the plates of a silvery mica (altered muscoviteP) which is present as well as the 
lepidolite; they also penetrate the quartz. 

Beryl, garnet, apatite, leucopgrite. — Small cxystals of yellow beiyl are abundant in a 
large dyke which crosses the Tendw&ha Nadi south of Mahibar hill ; and garnets, generally 
much decomposed, are not unfrequently met with here and elsewhere. The few obtained, in 
which the form was apparent^ were trapezohedrons. In three or four dykes a crystal or two 
of g^reen apatite was observed; and from a dyke crossing the Sakri above S4nkh I 
obtained a mass of leuoopyrite, weighing about three-fourths of a pound. 

Tin. — Most of the above minerals being frequent associates of tinstone, their occurrence 
led me to keep a sharp look-out for such, both in the granite itself and in the river beds. 
With the exception of that disseminated through the lepidoUte of Pihra, I only observed 
the mineral in one locality however. This was in a lenticular pocket of granite, included in 
mica-schist, at Simratari, west of Pihra, through which a few crystals of i inch across and 
less were scattered. The occurrence of tin, even in such minute quantity however, is interesting, 
as showing that the same mineral association which has been observed in other parts of the 
world obtains here also ; and indicates at least the possibility of the ore being found in larger 
amount in the granite of the area yet to be examined. I fear the chance is but small of its 
being obtained in workable quantity. The tin-ore of Leda, as previously mentioned, occurred 
as a bed in the gneiss of the metamorphio series. 

GhUena. — Galena is very sparsely disseminated through a granite vein, penetrating 
the limestone and associated beds in the Patru Nadi as well as through the latter beds 
themselves. 

Dx^p Dykee.^'Two or three trap dykes were observed intersecting the granite south of 
G&wan. Whether these be of the same age as those which traverse the metamorphic and 
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sabmetamorphio series is not oertftin^ although thare is no aasignaUe veason for anpposiiig 
them different. 

TlioHfBa.— In the 8 akri Nadi, soath^of Dibar, there are some small patehoa of 
slightly mioaoeons bnff sandstone, rather fine-grained, but oontaining abundant rolled pebUea 
and small bonlders of granite, gneiss, mica-sohist, 3tc, In parts, the greater portion of the 
rock consists of pebbles, in other places it is quite free from them. The beds, which are not 
more than 20 feet thick in all, are le^el as a whole, but rolling on a small seale^ and are 
lithologically perfectly similar to T41ohir8. Mr. Willson, however, higher up the same 
stream, as well as in other places, found two sandstones, the upper resting unoonlbrmably on, 
and containing numerous pebbles of the lower, which is clearly T41chir. It is not 
perfectly certain to which of these the sandstone in question belongs, but as I observed no 
sandstone pebbles in it, it is most probably T41chir. Small patches of similar rock are 
found south of Deothanandeast of P£hra. 

Dbscbiptiok or Platb. 

Fig. l.^Sranite dyke resting on, and including a folded mass of, quartz-schist : Section-* 
Tendw4ha Nadi, south of Mah4barhilL 

„ 2. — ^Mass of quartz-schist nearly enclosed by granite: Section— -Tend w4h a 
Nadi. 

„ 3.— Junction between homblende-sohist and granite dyke: Flan-*Tendw4ha 

NadL 
tf 4— Granite dyke in mica-schist: Section— Sakri Nadi east of S4nkh. 

„ 6. — Lenticular pockets of granitep running parallel to the foliation of the aunound* 

ing mioa^ohist : Flan — Si mr atari. 
„ 6. — Granite dyke, in hornblende- and quartz-schist : 8ection-»T endw4ha Nadi. 
7. — Granite overlying mica-schist, both of which are fiiulted against T41chir sand 

stone ; the newer rocks being covered by aUnvium : Seotion — S akri Nadi, 

south of D4bar. 
„ 8. — Granite vein in quartdte : Section — S. S. E. of L a k r 4 h L 
„ 0.— Granite dyke cutting obliquely through gneiss, into which it sends strings 

parallel to the foliation: Plan— B. of Gidhaur hilL 
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LiBUT.-CoL. Balf9 Youvo, b. b., Lahobb, — ^Portion of a meteorite which fell near Mylri, 

60 miles south-east of Multan, on the 23rd September 1873, 

weighing 2,698 grains. 
Col. MoMahon. — ^A number of specimens of the miUstone-quartaite and associate rocks of 

Kalian, Jhind. 
Gbobob Elliot, Esq. — Sulphide of antimony, antimony gossan, tinstone, argentiferous 

galena, and gold-bearing quartz from Victoria. 
y. Ball, Esq., o. s. i. — Specimens of lava from Pompeii ; Chrome iron and serpentine 

from Transylvania ; tinstone from Qtieensland, and a crystal of 

quartz with included schorl. 
Political Aobkt, Bhawitlfoob, thbouoh the Dbpabtxbkt of AaBicuLTUBB, Rbvbnub 

AND CoxxBBCB.— Two pieoes of a meteorite which fell at 

Khairpur, 35 miles east of Bhawulpoor, on the 23rd September 

1873— 
1 pieoe weighing ... ^ — 8,296 gxains. 
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AOCEBSIONS TO LIBRARY. 

FbOK l8T OCTOBSB TO 3l8T .Dbcxmbbb 1873. 

TUUs of Books. Donor$. 

Balvovb, Edwabd. — Qfcloposdia of India, and of pastern and Southern Asia, Vols. I— V, 

(1871-73), 8to., Madras. 

Dbpt. Agbic, Rbt. akd Comxbbcx. 

ButXKXB, P.*- Atlas lohthyologiqne des Indes Orientales Ntolandaises, Vols. I — ^III, with 

138 Plates, (1862), fol. Amsterdam. 

Db. FbibdlXitdxb, Rangoon. 

CuvNiNOHAX, AiBX.— -ArohflBolqgieal Snrvej <tf India.<^Report for the year 1871-72, (1878X 

8yo., Calcutta. 

Hoxx Dbpabtmxnt. 

Ellis, G. E. — Memoir of Sir Benjamin Thompson, Count Rumford, with notices of his 

daughter, 8yo., Philadelphia. 

AxBB. Acad, op Abts and Scixncbs. 

Hblland, Akund.— Forekomster af kisa i ^Visse Skifere i Norge, 1873, 4to., Christiania. 

Royal IlNiYiBBflrnr, Chbistiania. 

LxNOiB, G. A. — Catalog der Fahrik und Handlung Chemischer, pharmaceutischer, physika- 

lischer, Gterathschaften und Apparate, (1861), 8to., "Wlen. 

v. Ball» Esq. 
Mabkhax, C. — ^Abstract of the Reports of the Surveys and of other geographical operations 

in India for 1871-72, (1873), 8yo., London. 

Indu Officb, 
SxxB, S. A.— On the rise of land in Scandinavia, (1872), 4to., Christiania. 

Royal Uniybbsity, Chbistiania. 
Statement exhibiting the moral and material progress and condition of India during the 

year 1871-72, (1873), flsc., London. 

C. Mabzhax, Esq. 
The complete Works of Count Rumford, Vol. I, (1873). 8vo., Boston. 

Akbb. Acad, op Abts and Soibncbs. 

PERIODICALS. 

American Journal of Science and Arts, 3rd Series, Vol. VI, Nob. 32 — 33, (1873), 8vo., New 

Haven. 
Annales des Mines, 7th Series, Vol. Ill, livr. 3, (1873), 8ro., Paris. 

L'AdMINSTB. DBS MiNBS. 

Annals and Magazine of Natural History, 4th Series, YoL XII, Nos. 69-71, (1873), 8vo., 

London. 

CoBA GxTiDO.— Cosmos, Nos. 3 and 4, (1873), 8vo., Torino. 

Thb Authob. 
Geological Magazine, Vol. X, Nos. 9^11, (1873), 8vo., London. 

Indian Economist, with Agnoultuxal Gazette and Statbtical Reporter, Yd. Y, Nos. 2 A ^ 

(1873), ito., CUcutta. 

GklYBBNXBNS OB InDIA. 

London, Edinbuigh, and Dublin Philosophical Magazine and Journal of Soienoe, 4th Series, 

Yol. XLYI, Nos. 306—307, (1873), Svc, London. 
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Titles of Books, Donors. 

Nature, Vol. VIII, Nos. 208—209, Vol. IX, Noe. 210— 214^ (1873), 4to^ London. 

Neues Jahrbuch fiir Mineralogie, Oeologie nnd PaUsontologie, Jahigang, 1873, heft 6 — 7f 

(1873), 8to., Stattf^. 
PsTBBKAKN, Db. A. — Geographiflche Mittheilungen, Band XIX, Nob. 8 to 10, (1873), 4to., 

Gotha. 
Professional Papers on Indian Engineering, 2nd Series, Vol. II, No. 10, (1873), 870., Boorkee. 

Thomasok Collbos. 
Quarterly Journal of Microscopic Science, New Series, No. UI, (1873), 8yo., London. 

„ of Science, No. XL, (1873), 8to., London. 

Beports of the Mining Surveyors and Begistrars for the quarter ending 90ih June 1873f 

(1873), flso., Melbourne. 

MiNiiro*DBFF., Mblboubitx. 

GOVERNMENT SELE(rriONS, Ac. 

Bbitish Bubka. — ^Administration Report on the Hill Tracts, Northern Arakan, for the year 

1872-73, (1873), 8yo., Rangoon. 

Chief O0MXIS8IONBB, Bbitish Bubva. 

„ Report on Oivil and driminal Justice in British Burma for 1872, (1873), 

8yo., Rangoon. 

Ditto. 

,, Report on Public Instruction in British Burma for 1872-73, (1873), 8vo., 

Rangoon. 

Ditto. 

Report on the Police Administration of British Burma for 1872, (1873)» 
8to., Rangoon. 

Ditto. 
Report on the Sanitary Administration of British Burma for 1872, (1873), 
8vo., Rangoon. 

Ditto. 

Report on the Trade and Customs of British Burma for 1872-73, (1873)> 
8to., Rangoon. 

Ditto. 

„ Report on Vaccination during 1870-71 and 1871-72, (1873), 8to., Rangoon. 

Ditto. 

„ Stboybb, Caft. G. a. — Memorandum on the Metals and Minerals of 

Upper Burma, (1873), flsc, (Hcutta. 

Dbft. Aobio., Rbybnub and Cokmbbcb. 

Cbntbal Pboyivcbs. — Report on the Administration of the Central Provinces for 1872-73, 

(1873), 8vo., Nagpur. 

Chibt Cokkissionbb, Cbntbal Pbotincbs. 

Htdbabad. — Administration Report by the Resident at Hydrabad for the year 1872-73, 

(1873), 8vo., Hydrabad. 

Thb Rbsidbnt. 
India. — (Jodes of the Financial Department^ (1873), 8vo., Calcutta. 

Dbpt. Aobic, Rbybnub and (Jokxbbcb. 

' ^ Ninth Annual Report of the Sanitary Commissioner with the Government of India, 

1872, (1873), flse., CalcutU. 

Gotbbnkbnt 07 India. 
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J^leM of Books. Donors. 

Lower F£OVi2ici8.*^Report on the Revenue Survey operations of the Lower Proyinces 

from let October 1871 to 30th September 187% (1873), flac., 
Calcutta. 

GOVBSNMSKT OF BBVOAL. 

TRANSACTIONS OP SOCIETIES, &c. 

Bblfast. — Proceedings of the Belfast Natural History and Philosophical Society for the 

session 1871-7% (1878), Svo., Belfiist. 

Thb Socibtt. 
BxBLur. — ^Monatsbericht der konig. Preoss. Akademie dor Wissensohaften zu Berlin, May to 

August, (1873), 8to., Berlin. 

Thb Acadbmt. 
BoSTON.'-'Memoirs of the Boston Society of Natural History, Vol. II, pt. I, Nos. 2—3, and 

pt U, No. 1, (1871-72), 4to., Boston. 

Thb Socibtt. 
„ Proceedings of the Boston Socieiy of Natural History, Vol. XIII, pp. 369 to end, 

and XIV, pp. 1^224^ (1871), 8yo., Boston. 

Ditto. 
Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Vol. XLII, pt. 1, No. 3, 

(1873), 8yo., Calcutta. 

Thb Socibtt. 
„ Proceedings of the Asiatic Society of Bengal, No. IX, November, (1873), 8to., 

Calcutta. 

Ditto. 
Cambbidgb. — ^Memoirs of the American Academy of Arts and Sciences, New Series, Vol. IX, 

pt 1, and X, pt. 1, (1867-68), 4to., Cambridge. 

Thb Acadbmt* 
„ Proceedings of the American Academy of Arts and Sciences, Vol. YIII, 

pp. 137—408, 8yo., Cambridge. 

Ditto. 
Dublin. — Journal of the Royal Geological Society of Ireland, New Series, Vol. Ill, pt 3, 

(1873), 8vo., DubUn. 

Thb Socibtt. 
Flobbncb. — ^BoUettino R Comitato Oeolog^co dltalia, Nos. 7 — 10, (1873), 8vo., Florence. 

Gbolooical Socibtt of Italt. 
Ibdiabapous. — Cox, E. T. — Second, Third, and Fourth Reports of the Geological Survey of 

Indiana during 1870, 1871, and 1872, (with maps) (1871-72) 
8vo., Indianapolis. 

E. T. Cox, Esq. 
Lobdon.-— Journal of the East India Association, Vol. VII, No. 2, (1873), 8vo., London. 

Thb Associatiok . 
„ Proceedings of the Royal Society, Vol. XXI, No. 146, (1873), 8vo., London. 

Thb Socibtt. 
Mblboubnb. — Progress Reports and Final Report of the Exploration Ck>mmittee of the Royal 

Society of Victoria, (1872), flsc., Melbourne. 

Thb Socibtt. 
Nbuchatbl. — Bulletin de la Socidt^ des Sdences Naturelles de Neuchatel, Vol. IX, No. 3, 

(1873), 8?o., Neuchatel. 

Thb Socibtt. 
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TUUt <f Boohs. Danort. 

PKXLADBLPHIA^-Proceedingi of the Ameiioan Phiksopliioftl 8001017, VoL XII, Nob. 88*^, 

'(1872), 8to., Fhiladelplua. 

Thb Socixty. 

SALBX.—Am0rioffii NutonJiBt, Vol. Y, NO0. 2—12, and YI, Nob. 1—11, (1871-72), 8to., 

Salem. 

Thb Acadxxt. 

„ rotirth Anniud Report of the Trustees of tlie Peabody Aoademy of Sdeaee lor 

1871, (1872), 8to., Balem. 

Ditto. 

„ Memoirs of the Peabody Academy ot Science, Yol. I, Nos. 2 — ^3, (1871-72), 8ya., 

Salem. 

Ditto. 

Yokohama. — Mittheilnngen der Dentschen Oesellschafl for Kat^ and Yolkerknnde Ostasiens, 

heft 2, (1873), flsc., Yokohama. 

Thb Socibtt. 
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GSOLOGICAL NOTES ON THB BOUTB TBATBBSBD BY THB YABKi^ND El^CBASST FBOH ShaHI- 

DULA TO Tabkand AND Kabhoab, bif Db. F. StouczkAi NaturolUt attached to the 

In a former oomnmnication I had already occasion to notice, that the rocks composing 
the Knenlun range near Shahidula, chiefly consist of syenitic gneiss, often interbedded, and 
alternating, with varions metamorphic and quartzoee schists. Similar rocks continue the 
whole way down the Karakash river for about twenty-four miles. After this the road fol- 
lows, in a somewhat north-westerly direction, a small stream leading to the Sanju-(or Grimm-) 
pass. Here the rocks are chiefly true mica schist, in places full of garnets. Near, and on, 
the pass itself chloritic and quartzose schists prevail, in which veins of pale green jade occur, 
numerous blocks containing this mineral having been observed near the top of the pass. 
All the strata are very highly inclined, often vertical, the slopes of the hills, and in fact of 
the entire range, being on that acconut rather precipitous, and the crests of the ridges them- 
selves veiy narrow. 

To the north of the Sanju pass we again meet with metamorphic, mostly chloritic 
schists, until we approach the camping place T&m, where, distinctly bedded, sedimentary 
rocks cap the hills of both sides of the valley. They are dark, almost black, silky slates, 
resting unconformably on the schists, and are overlain by a grey, partly quartzitic sandstone, 
passing into conglomerate. The last rock contains particles of the black slates, and is, 
therefore, clearly of younger age. Some of the conglomeratic beds have a remarkably recent 
aspect, but others are almost metamorphic. In none of the groups, the slates or sandstones 
or conglomerates, have any fossils been observed ; but they appear to belong to some 
palsBOZoic formation. They all dip at from 40*^ to 60° towards north-east, extending 
for about one and a half miles down the Sanju valley. Here they are suddenly cut off by 
metamorphic schists, but the exact place of contact on the slopes of the hills is entirely 
concealed by debris. The schists are only in one or two places interrupted by massive beds 
of a beautiful porphyritic gneiss, containing splendid crystals of orthoclase and biotite ; 
they continue for about eighteen miles to the camp Kiw&z. On the road, which often passes 
through very narrow portions of the valley, we often met with old river deposits, consisting 
of beds of gpravel and very fine clay, which is easily carried off by only a moderate breeze, 
and fills the atmosphere with clouds of dust. These old river deposits reach in many places 
up to about one hundred and fifty feet above the present level of the river, which has to be 
waded across at least once in every mile. 

At the camp S[iw&z the hills on both sides of the valley are low, composed of a com- 
paratively recent looking conglomerate, which in a few places alternates with beds of reddish j 
8 an Jy clay, the thickness of the latter varying from two to five feet only. These rock 
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strikingly resemble those of the snpranammnlitic group, so ezteDsively represented in the 
neighbonrhood of Mari. They decompose yery readily, cohering the slopes of the moantams 
with loose boulders and sand, under which very little of the original rock can be seen. 
Near the camp the beds dip at abont 40* to north-east, but about one mile and a half 
further on a low gap runs parallel to the strike, and on the other side of it the beds rise 
again, dipping with a similar angle to south-west, thus forming a synclinal at the gap. 
Below the conglomerate there crops out a grey, often semi-crystalline limestone, containing 
in some of its thick layers large numbers of Crkioid stems, a Spirjf^r, veiy like S. stricUusp 
and two species of Fennestella. Folio «ning the river to north by east, this carboniferoos 
limestone again rests on chloritic schist, which, after a mile or two, is overlain by red sand- 
stone, either in horizontal or very slightly inclined strata. Both these last named rocks axe 
very Mable, easily crumbling between the fingers, particularly the latter, from which the cal- 
careous cement has almost entirely been dissolved out. At Sanja the red sandstones underlie 
coarse grey calcareous sandstones and chloritic marls, some beds of which are nearly exdn- 
sively composed of Orypkaa vencularis, many specimens of this most eharacteristte raid- 
die cretaceous fossil being of enormous size. The GryphiM beds and the red sandstones 
are conformable to each other, and although I have nowhere seen them interstratified near 
ihdr contact^ there is strong evidence of their being both of oretaoeous age. Both decom- 
pose equally easily, and the GhyphtBa beds have indeed in many plaoes been entirely denuded. 
They have snppUed the greater portion of the gravel and beds of shifUng sandi which 
stretch in a north-easterly direction towards the unknown desert-land. 

On the road from Sanju to Tarkand, which first passes almost due west and after some 
distance to north-west, we crossed extensive tracts of those gravel beds, and of low hilb 
almost entirely composed of clay and sand, though we only skirted the true desert country. 
Locally, as, for instance, near (H-tograk and Bona, pale reddish sandstones crop out from 
under the more recent deposits, but they appear to be younger than the oretaoeous red sand- 
stones, underlying the Oryphaa beds; the former most probably belong to some upper 
tertiary g^up. Among the sandy and clayey deposits I was not a little surprised to find 
true Loess^ as typical as it can anywhere be seen in the valleys of the Rhine or of the Danube. 
I might even speak of ' Berg' and * Thai-Loss,' but I shall not enter into detaila on this 
occasion ; for I may have a much better opportunity of studying this remarkable deposit. 
At present I will only notice that commonly we meet with extensive deposits of Loe9$ only 
in the valleys. Its thickness varies in plaoes firom ten to eighty, and more, feet ; a fine 
yellowish uMiraiified day, occasionally with calcareous concretions and plant fragments. 
In Europe the origin of this extensive deposits was, and is up to the present date, a dis- 
puted question. Naturally, if a geologist is not so fortunate as to travel beyond the ' Rhine' 
or ' Donau-thal,* and is accustomed to be surrounded with the verdant beauty of these valleys, 
he might propose half a dozen theories, and as he advances in his experience disprove 
the probability of one after the other, until his troubled mind is wearied of prosecuting the 
object further. Here in the desert countries, where clouds of fertile dust replace those of 
beneficial vapour, where the atmosphere is hardly ever clear and free from sand, nay occa- 
sionally saturated with it, the ocplanation that' the Los* is a $ubaerial deposit, is almost 
involuntarily pressed upon one's mind. I do not think that by this I am advancing a new 
idea; for, — unless I am very muoh mistaken, — it was mj friend Baron Richthofen who 
came to a similar oondusiou during his recent sojourn in Southern China. 

Yarkand lies about five miles from the river, far away from the hills, in the midst of a 
Well cultivated land, intersected by numerous canals oi irrigation ; a land full of interest 
for the agriculturist, but where the geological mind soon involuntarily falls into repose. And 
what shall I say of our road from Yarkaud to KashgarP LitUe of geological interest, I 
am af laid. 



PART 2.] Stoliczka : Route from SAnkidnla to Tarkaud and Kashgar. 51 

LMviiif^ Yarkand ire pfts«ed fov the first fev miles tfareiigh caltiTiM land, which, how 
meti «ooA gave way to the asaaA aepedi; of the deeert* or lomethiDg Terjr little better. A few 
imlee eoni^weet of Kokrahad a km ridge miM from oooth-eatt to nortb*we8t. If we are 
allowed to judge from the «iimeroiis boolders of red sandstone and Qryphma marl, some of 
oonsideraUe «ize and searo^y river-worn, we ndght consider the ridge a« being composed of 
eretaoeotia rocks. Bat one hardly feels consoled with the idea, that ia wad&ng through the 
sand he shonM. only cross a once oretaoeoas hasin, and that the whole of this oountry should 
have remained free from oncroaohmMit of any of the kainosoic seas. It is very dangerous 
to josc^ to conclusions regarding the nature of a ground untouched* by the geological ham- 
mer. The answer to any doubt must for the present remain a desideratum. On the fourth 
day of our march, approaching TangHiiBsar, we abo crossed a few very low ridges, but 
these consisted entirely of gravel and marly clay beds, moist of them dipping with a very 
high angle to south by east, the strike being nearly due east and west South of Yangihissar 
the ridge bent towards south*- west, and there waa also a distant low ridge' traceable in a north- 
easterly direction, the whole having the appearance of representing the shore of some large 
inland watersheet. From Yangihisswr to Kashgar we traversed only low land, as usually 
more or less thickly covered with a saline efflorescence, but still to a considerable extent 
cultivated. Here in Kasbgar the distant he^hts of the Kuenlnn, of the Pamir and Thin- 
shan ranges are ready to unfold their treasares, whether we go in a southerly, or westerly, 
or northerly direction ; geological ground is evon nearer to be found in some'of the low ridges 
from twelve to thirty miles distant, while the Moral-bashi forests, lyinig eastward, invite the 
aoologist and spcnisman. I trust we shall soon be able to see and rekte some novelties from 
our neighbourhood. 

Koihgar, 2fHh Deeemher 1873. 



KoTfe BBOABBlNa TSB OCCtTBBBlTCB OT JADB Iff THB KjlBABASH VAX.LBT, ON THB 

80I7TRBBN BOBDBBS OF TcBKtSTAiT, by Db. Fbbd. Stoliczka, Naturalist attached 
to the yarkand Embassy, 

The portion of the Kuenldn range, which extends frran Shahidula eastward towards 
Kotan, appears to consist entirely of gneiss, syenitic gneiss, and metamorphlc rooks, these 
being quartaose, micaceous, or hornblendic schisls. On the southern declivity of this ranges 
which runs along the right bank of the Karakash river, are situated the old jade mines, or 
rather quarries, formeriy worked by the Chinese. They are about seven miles distant from 
the Kirghiz encampment Belakchi, which itself is about twelve miles south-east of 
Shahidnla. I had the pleasure of visiting the mines in company with Dr. Bellew and Captain 
Biddulph, with a Yarkandee official as our guide. 

We found iiie principal jade locality to be abont one and a half miles distant from the 
river, and at a height of about ^ve hundred feet above the level of the same. Just in thii 
portion of the range a few short spurs abut from the higher hills, dl of which are, how- 
ever, as usnally, thickly covered wilii debris and sand, the result of disintegration of the 
original rock. The whole has the appearance as if an extensive slip of the mountain -side 
had occurred. Viewing the mines from a little distance the place seemed to resemble a 
number of pigeon-holes worked in the side of the mountain, except that they were xather 
irregularly distributed. On cloeer inspection we saw a number of pits and holes dag out 
in the slopes, extending over a height of nearly a couple of hundred feei^ and over a lengtk 
of about a quarter of a mile. Each of these excavations has a heap of fragments of jade 
and rock at its entrance. Most of them are only from ten to twenty feet hi^ and broad, 
and their depth rarely exceeds twenty or thirty feet ; only a few show some approach to low 
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galleries of moderate length, and one or two are said to have a length -of eighty or a hundred 
feet. Looking on thia mining operation as a whole, it is no donbt a very in&rior pieoe of 
the miner's skiU ; nor could the workmen have been provided with any superior inBtruments. 
I estimated the number of holes at about hundred and twenty ; but several had been opened 
only experimentally, an operation which had often to be reeorted to on account of the 
superficial sand concealing the underlying rock. Several pits also which were probably 
exhansted at a moderate depth were again filled in ; their great number, however, clearly 
indicates that the people had been working singly, or in small parties. 

The rock, of which ihe low spurs at the base of the range are composed, is partly a 
thin bedded, rather sandy, syenitic gneiss, partly mica- and homblendic schist. The felspar 
g]*adually disappears entirely in the schistose beds, which on weathered planes'often have the 
appearance of a laminated sandstone. They include the principal jade-yieUUng rocks, being 
traversed by veins of a pure white, apparently zeolitic mineral, varying in thickness from a 
few to about forty feet, and perhaps even more. The strike of the veins is from north-by- 
west to south -by-east, or sometimes almost due east-and-west ; and their dip is either very high 
towards north, or they run vertically. I have at present no sufficient means to ascertain 
the true nature of this vein-rock, as it may rather bc) called, being an aggregate of single 
crystals. The mineral has the appearance of albite, but the lustre is more silky, or perhaps 
rather glassy, and it is not in any way altered before the blowpipe, either by itself, or with 
borax or soda. The texture is somewhat coarsely crystalline, rhombohedric faces being on 
a fresh fracture clearly traceable. It sometimer contains iron pyrites in very small partides, 
and a few flakes of biotite are also occasionally* observed. This zeolitic rock is again 
traversed by veins of nephrite^ commonly called jade ; which, however, also occurs in nests. 
There appear to be two varieties of it, if the one, of which I shall presently speak, really 
deserves the name of jade. It is a white tough mineral, having an indistinct cleavage in two 
difEerent directions, while in the other directions the fracture is finely granular or splintry, as in 
true nephrite. Portions of this mineral, which is apparently the same as usually called white 
jade, have sometimes a fibrous structure. This white jade rarely occupies the whole thickness 
of a vein ; it usually only occurs along the sides in immediate contact with the zeolitic vein- 
rock, with which it sometimes appears to be very closely connected. The middle part of 
some of the veins and most of the others entirely consists of the common green jade, whidi 
is characterized by a thorough absence of cleavage, great toughness, and rather dull vitreous 
lustre. The hardness is always below 7, generally only equal to that of common felspar, 
or very little higher, though the polished surface of the stone appears to attidn a greater 
hardness after loQg exposure to the air. The colour is very variable, from pale to somewhat 
darker green, approaching that of pure serpentine. The pale green variety is by far the most 
common, and is in general use for cups, mouth-pieces for pipes, rings and other articles used 
as charms and ornaments. I saw veins of the pale green jade fully amounting in thickness 
to ten feet ; but it is by no means easy to obtain large pieces of it, the mineral being generall}' 
fractured in all directions. Like the crystalline vein-mineral, neither the white nor the green 
variety of jade is affected by the blowpipe heat, with or without addition of borax or soda. 
Green jade of a brighter colour and higher translucenoy is comparatively rare, and, already 
on that account, no doubt much more valuable. It is usually only found in thin veins of <me 
or a few inches ; and even then it is generally full of flaws. 

Since the expulsion of the Chinese from Yarkand in 186i, the jade quarries in the 
Karakash valley have become entirely deserted. They must have yielded a coni^iderable por- 
tion of the jade of commerce ; thougn no doubt the workmen made a good selection already 
on the spot, taking away only the best colom'ed and largest pieces ; for even now a great 
number of fair fragments, measuring 12 to 15 inches iu diameter, form part of the rubbish ; 
thrown away as useless. 
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The Belakcbf locality is, however, not the only one which yielded jade to the Chinese. 
There is no reason to doubt the existence of jade along the whole of the Kuenldn rauge, as 
far as the mica- and hornblendic schists extend. The great obstacle in tracing out the 
Yeins, and following them when once discovered, is the large amount of superficial debris 
and shifting sand, which conceal the original rock in situ. However, fragmeuts of jade 
may be seen among the boulders of almost every stream which comes down from the range. 
We also observed large fragments of jade near the top of the Sanju pass, which on its 
southern side at least mostly consists of thin-bedded gneiss and hornblendic schist. 

Another rich locality for jade appears to exist somewhere south of Kotan, from whence 
the largest and best coloured pieces are said to come ; most of them are stated to be ob- 
tained as boulders in a river bed, though this seems rather doubtful. Very likely the Chinese 
worked several quarries south of Kotan, similar to those in the Karakash valley, and most 
of the jade from this last locality was no doubt brought into Kotan, this being the neai'est 
manufacturing town. A great number of the better polished ornaments, such as rings, <fcc., 
sold in the bazaar of Yarkand, have the credit of coming from Kotan ; possibly they are 
made there by Chinese workmen, but the art of carving seems to have entirely died away, 
and indeed it is not to be expected that such strict Mahomedans, as the Yarkandees mostly 
are, would eagerly cultivate it. If the Turkistan people will not take the opportunity of 
profiting by the export of jade, or if no new locality of that mineral is discovered within 
Chinese territoxy, the celestial people will feel greatly the want of the article, and good carved 
specimens of jade will become g^eat rarities. The Chinese seem to have been acquainted 
with the jade of the Kuenlun mountains during the last two thousand years, for Kotan jade 
is stated to be mentioned* *' by Chinese authors in the time of the dyuasty under Wuti 
(B. C. 148—86)." 

Yarkand^ lUh November 1873. 



NOTBS FBOX THS EaSTBBN HiXALAYA. 

While Dr. Stoliczka is applying his palsaontological master-key to discover the secrets of the 
rocks of the Kuenlun, on the extreme north-west of the great Tibetan mountain-area, investi- 
gations of scarcely less interest are going on at the south-eastern base of the same, in the 
Sikkim and Bhutan Doars. It may indeed be said that the geology of the remote and in- 
accessible regions of the Himalaya have for some time been better known to us than that of 
the nearer ground to the south of the great snowy range. A series of well-known formations 
have long since been identified beyond the passes ; while the rocks of the broad belt of mountain 
region to the south of the main range have remained indeterminable. Nummulitic rocks have 
been locally found along the southern fringe of that belt, corresponding stratigraphically to the 
Flysch of the Northern Alps. And upon very scanty fossil evidence it has been conjectured 
that the limestone of the outer ridges in the Simla region are triassic ; but for the rest all 
is darkness. There is, of course, a very good excuse for this in the highly metamorphosed 
condition of the slrata in the greater part of that region, and in the sterility everywhere 
in fossil remains— difficulties which greatiy enhance the value of any promising clue to a 
solution of the mystery. 

From the point of view of local geolc^y this state of ignorance has been specially 
depressing. That same nummulitic formation — crushed and upheaved on the outer fringe of 
the Himalayan region, and resting xmdisturbed upon a deeply denuded surface of the great 
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Dakhin trap— -has been almost th« only posithre littk brtween ih& rook-areas of the PenkiBaU 
and of Central Asia. Of the other Indian roek-fomations*— the Vindhyan eeriee of nnknown 
age, and deeply rooted in the fundamental rooks ; or the great sandstone formations sup- 
posed at present to range from permian to latest jamssie, and holding a comparatiTely supers 
ficial relation to the supporting rocks— no assignakle eqaivalent had been mads out in the 
ne^hbouring Himalayan provinces* 

The press of work elsewhere may be offered to account for this ; for the due which is 
now promisiug such interesting revelations has been within reach at any time for the last 
twenty years ; since Dr. Hooker discovsred at the base of the Sikkim Himalaya rocks con- 
taining plant-fossils chsracteristic of the coal-measures of Bengal.* 

The illustrious naturalist did not assign any stratigraphioal position for the rock in 
that section ; perhaps the only locality where he noticed it, near the Pankib&ri rest-house^ 
did not admit of such a determination. This is indeed most likely the case ; for, the passing 
observation made in the same spot by so praetised a geologist as Mr. W. T. Blanford left the 
question still in doubt, the suggestions gathered being that the Damudasmay occur there only 
as fault-rook between the schists of the mountains and the tertiary sandstones at their base i 
or even that the stones containing the Damuda plants may only occur as blocks in the tertiary 
sandstones. A regular survey of that region is now in progress. Mr. F. B. Mallet took 
up work there early in December ; and already important results have been obtained, both 
practical and scientific. A band of Damuda coal-measure rocks has been traced for many 
miles along the base of the mountains, and in places as much as. one mile in width, inside 
the fringing bed of tertiary sandstones. Besides the familiar Damuda plants, several 
seams of coal occur, in a condition approaching anthracite in composition— having 79'S of 
carbon, 7'6 of volatile matter (dry), and 13*1 of ash — ^but in a flaky granulated (graphitic) 
state from crushing. The chief point of interest^ however, is that tiiere is ne marked etrati- 
graphical break between these beds and the slaty and schistose rocks forming the mass of the 
mountains ; on the age of which they will thus give very important evidence. Mr. Mallet 
has not yet been able to satisfy himself upcm the complieated stttctural questions involved 
in the section, as to inversion, faulting, &c., but it is hoped that before the close of the season 
some definite view may be made out. Meanwhile this notice is given of so important a 
step in the geology of India. 

While Mr. Mallet was making these observations oq the ground, an independent sug- 
gestion to the same effect was received from Mr. H. F. Blanford, whom we consider virtually, 
as he formerly was ofBcially, a colleague in the study of Indian geology. Mr. BlanfoM was 
at Darjeeling on a tour of inspection of the meteorological stations in that part of the 
province. Ever mindful of his first love, and aware, of course, of Dr. Hooker's original 
discovery of Damuda fossils at the base of the mountains, it appeared to him that tiie fre« 
quent bands of graphitic matter in the schistose and gneissic rooks of the higher i«gions 
might indeed be the greatly transformed equivalents of the carbonaceous deposits of the Ben* 
insula. If this criterion be confirmed by the close study of t^e stratigraphy, it premises to 
be of very wide application ; for these graphitic bands are as abundant in the Lower Hina* 
kya of the north-west as about Daijeeling. The suggestion too fits in well with the little 
we know on both sides of the question : Dr. Oldham has always maintained that the ooal- 
measures of India are paleeozoic ; and the Erol limestone, the uppermost group of the Lower 
Himalayan rock-series in the north-west, is considered by Dr. Stoliczka to be triassic. 

H. B. M. 
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PsTBOLBUM IK AsSAif, by Thbozm>bb W. H. Huohxs, A.B.B. M., F.O.S^ Cholofficol 

Swfvey of India, 

In looking throug^h the liteftitare relating to petroleum, I have not met with any record 
of the composition of oils occurring in Assam. Burmese-oih which is perhaps hetter known 
under the name of Raugoon-oil, has, on the contrary, heen the suhject of frequent investi- 
gatioD, and one of the later and most highly interesting papers referring to it is to he found 
in the Memoirs of the American Academy* for 1867, under the heading of " Examination 
of Naptha obtained from Rangoon Petroleum," by Warren and Storer. 

Haying been fortunate enough lately to procure a few notesf showing the result 
obtained by submitting some Assam petroleum to distillation at varying temperatures, I 
propose taking this opportunity of placing them on record. 

The petroleum experimented upon was obtained from a spring in land gpranted to Mr. 
Goodenougb, a member of the firm of McKillop, Stewart and Company. The tract, as 
specified in a letter to the Board of Bevenue, embraced " both sides of the Boree Dehing 
river fVom Jaipore to the effluence of the No Dehing river to a distance of ten miles on 
each side of flie Boree Dehing, including the lands near the Cherraphong hills, Jaipore, 
the Makoom river, the Namchik Poong, the Terap river, the Kamchik river, the Jugloo 
river, and the Terok river." 

Which spring the petroleum that was tested came from I am unable to say ; but it 
was probably £rom one struck near Makoom,^ as the springs in that neighbourhood sur- 
passed any others in the copiousness of their discharge, and evidently attracted most 
attention. 

The first of the systematic borings for oU was commenced at Nahore Poong§ in Novem- 
ber 1866 ; but it does not appear to have been successful, and it was abandoned after having 
been sunk to a depth of 102 feet. In addition to se7eral other band'borings, a Mather and 
Piatt steam-boring machine was set working in the latter end of December, and a hole was 
carried down 195 feet ; but with the exception of a few signs of gas, there were no good 
results. 

It appears from the records placed at my disposal that a blue clay was invariably met 
with, not only in the Nahore Poong borings, but in those at Makoom and elsewhere. It 
would have been interesting to know whether this clay, independently or in association with 
some other rock, was a good index to oil ; but on this point there is nothing dear. 

Whilst the borings at Nahore Poong were proceeding, others were begun at Makoom. 
Oil was struck in one hole on the 26th March 1867 at 118 feet, and it immediately rose 74 
feet in the bore, being 41 feet below the surfiioe. About 300 gallons were drawn, after which 
it was found not to flow continuously, a circumstance which it was hoped would be remedied 
by sinking deeper. 

As many as eight holes seem to have been put down in the Makoom area, and they were 
nearly all successful in tapping oil. The yield varied in each. 
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t I am ludeMotf for theet aotea and far moeh wMfQl iafoiaatioii regarding petrolevm and coal in Awam to my 
friend Mr. J. Jenkina. 

X Lat. Vr 18' North, Long. 9fP W Raat. 

§ The plaoea raooinniended during the progreai of the horintra were— Nahore Poong, Makoom, Borhanti 
Namcheck, end llapoo Poon^. 
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In January 1868, 100 to 125 gallons a day were collected from No. 4, while 6oO to 660 
gallons were collected from No. 6. The action of No. 6 bore was intermittent. Pare water 
was spouted for 3 or 4 hours, then almost pure oil for 16 to 90 minutos, after which all action 
ceased for an hour, or sometimes longer; and then activity set in again. Great difficulty was 
met with in storing the oil, and it is stated that wooden tanks failed to keep it in. The 
most copious discharge was from No. 5 ; and as there was not sufficient storage room, the 
flow was diminished by fixing a valve to the well-pipe. The pressure was very greats being 
30 lbs. to the inch. 

The following is a very interesting table showing when the blows of oil commenced^ the 
time the oil continued running, and the quantity of oil given f^om No. 5 bore at Makoom. 
The depth at which oil was struck is not given in the returns made by the person in charge 
of the borings, but the hole was most probably a shallow one like the others. 



BoRB No. 5. — Makook. 

Tahle showing when the blows qf oil commenced, the time the oil continued running, and 

quantity of oil given. 



Date, 18S8. 


Commenced 
to run. 


Day and honrt 
nuinUur. 


Gallons per 

day or 
24h0Qra. 


BiXAmxs. 


January 


8th 


• •• 


9 A. K. 


• • • 


6 days 16 


hours. 


630 


Stopped gradually. 

1,600 gallona in 12 honrs {ttarj atranc 


n 


16th 


•«•• 


n 


• •• 


12 


•1 


lf6U0 






' 










blow). 


n 


17th 


• •> 


11 


• •■ 


U 


•1 


2,100 


3,100 gallons in 14 hoars {yvrj atrong 
blow). 


n 


SUth 


• • * 


Midnight 


• • 


9 


tt 


600 


60 gallons in 9 hours. 


„ 


«8t 


• •« 


10 ▲. X. 


• •• 


20 


t> 


480 


480 ,f ff 20 „ 


„ 


23rd 


«•• 


11 


■ •■ 


1 day 13 


*B 


800 


800 gallons per day (ran slowly). 


,f 


27th 


• •• 


9-30 .. 


• •■ 


&\ 


1, 


800 


>f , It 


(t 


29th 


...1 9-30 ., 

1 


•■• 


6 days 16 


** 


260 


Running very slowly. 


Febrnary 


6th 


.•• 1 9 M 


•t« 


19 


I 


600 


600 in 19 hours. 


fi 


7th 


• •• . W ,f 


••9 


2 days 




700 




t( 


18th 


... 13 P. X. 


• •• 


19 




1,400 


In 19 honrs 1,400 gallona. 


ft 


16th 


• •■ 


9 ▲. jc 


• •■ 


Iday 6 


*t 


1,600 


1.600 in 30 honrs. 


fi 


27th 


• ■• 


11 


• • • 


1 .. 6 


(( 


900 


In 29 hours. 


March 


and 


• •f 


9-30 .. 


• flfl 


1 ,. 6 


,• 


1,700 


In 30 hours. 


n 


7th 


• •• 


9 


• ■' 


2 days 




3.000 


8,C00 In 48 honrs. 


K 


nth 


• • 


» 


• •• 


Iday 11 


•• 


8,600 


In 36 hours, very strong^burst pipes. 


n 


3Ut 


• • • 


10 


« • • 


31 days 23 


If 


600 
per day. 


Valve yeiy little open, to reduce the 


May 


Uth 
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Here tlie man who kept the account fell ill, and the one who relleyed him never kept any. 

The temperature is not recorded. 

Mr. Goodenottgh was not successful in establishing a petroleum-industry. The under- 
taking failed, as so many others in this country have done, owing to the difficulty of 
transport. But the prospect of an abundance of mineral-oil in Assam has been proved ; and 
if this splendid province should ever be opened up, fortunes will yet be mode in this branch 
of mining. 
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^«Mi^m^ji»/ro/MM»i.'— The samite of petarokoid operated npoo was black, perfectly 
Hqukl, and of rather etroog odour. Speolfie gravity *971. Water lOOO. 

One thousand parts were snbmitted to distillation, first by the heat of a water*bath, bat 
that bdiig instiffiaient^ it was then heated by direct fire. It began to boil at 460* F.-^ 

1. so paJrttMow 600P F. 

1 0e*5 between ftXF— 626° of tp. fCt. ... *878 

8. 126-6 „ 629^-660^ ,» ... '882 

4 100-0 M 66Q^--676^ m ••• '80S 

5. 188*5 H 678»-600P „ ... -900 

6. 106*6 ftbove 600° » ... -918 

7. 188*6 „ ... ... -see 

8. 166*6 „ tiinied loHd on cooliniT' 






948*0 

There was a small residue of coke. 

The first six poitions wonld do for lamp oil, although of rather higher specifie gravity 
than that obtained firom American petroleum. 

Seven and 8 contain solid paraffin, which can be separated, and the Hquid>oil used for 
lubricating ; or, after the first six portions have been distilled off, the whole of the residue 
in the retort can be used as lubricating-oil. 

For the purpose of comparison, I give the result of an experiment upon Penni^U 
vanian petroleum. 

Sample.-^TwajBh black, rather thin oil. Sp. Qr. 888. One thousand parts yielded 
on distillation-^ 
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The paraffin contained in portions 7 and 8 of tfie Assam petroleum might be manufac'^ 
tared into candles. As compared with a few other substances^ the following table shows the 
number of grains required to give equal quaatitieB of light . — 

PanfliB ... •» ... ••• ••• •» SB pnune. 

SpernHMSif ... ... ••• ••• •*• «•• ••*' m 

Wax (bee'e wax) ... ... ••• •>• ••• '38 „ 

Stearic adtd ... ... •.• ••• ■■• ••• ^** »• 

Composite candle (made of eteafine and stearic add) ... ... 166 „ 

The discoyery within the last few years of enormous quantities of petroleum in Canada 
and the United States, has influenced considerably the manufacture of coal-oils in Great 
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• 
Britain and other oonntries. But there are places where coal and bituminoas shales may 
be profitably submitted to distillation, and I believe that our Indian coal«fields offer a fair 
chance. 

r 

The yield of crnde oil from a ton of ordinary coal* does not nsoally exceed a mazimiuii 
of 75 gallons, and a coal which will yield 60 gallons may be regarded as an exoelleot 
article, provided it affords coke enough to supply heat for its own distillation. 



Ranioaivj, 
1st December 1873 



.} 



Coal in the Gabo Hills, by Mr. H. B. Medlicott. 

The reported discovery of a new coal-field in the interior of the Graro hills, backed up 
by the proposal to run a railway through them into Assam, led to a very urgent demand to 
have the rocks of that region examined. Although nearly encircled by long-settled and fertile 
districts of the upper deltaic plains of Bengal, that hill-tract has, till within the last three 
years, remained perfectly secluded in primitive savagery. Partly to remove snob an 
anomaly, and partly to put a stop to the occasional practice of the Garos capturing slaves 
and taking trophies of human heads among the bordering plains people, it was decided to 
bring the hill-men under control. This intention was carried out without serious difficolty* 
The people had of course been long acquainted with the character and power of the white men 
holding sway over the plains, and submitted to their supremacy almost without resistance. 
This year I had the pleasure* to march through the length and breadth of the land in the com- 
pany of an English lady, the wife of the Deputy Commissioner of the district, Captain 
Williamson, the subduer and friend of the G-aros, who made his tour of inspection throngh his 
dominions to fit in with my geological explorations. In the previous season topographical 
surveyors had accompanied the several expeditionary parties sent in to take possession ; and 
had succeeded in completing an excellent sketch map of the whole area. One of these offioera 
heard of the coal, and brought it to notice. It would seem that no European actually visited 
the spot ; indeed the description first given of the position could hardly have proceeded from 
an eye-witness ; but samples were procured, and thus the bare fact of coal beine; there was 
sufficiently authenticated. The confirmation of the existence of a considerable coal-field 
in the position thus indicated, warrants brief notice of the situation. 

It will probably be remarked that Garo-hill coal is at least familiar by name. In 1841, 
Mr. Bedford, engaged on the revenue survey of the Goalpara district, brought to notice 
what he called the Kurribari coal-field, at the extreme west end of the Garo hills, dose to Sing- 
mari on the old Bramaputra. Some attempt was, I believe, made at the time to work it ; and 
the failure of the experiment does not seem to have been f urly attributed to the failure of the 
deposits. Again, about two years ago, the civil officers of Mymensing brought to the notice of 
Government the occurrence of coal on the Snmesary river at the south base of the main range 
of the Garo hills. The extension of the Eastern Bengal Railway towards Assam was then a 
pressing qnestion ; and I was deputed to report upon the prospects of the coal deposits, 
particularly those of the Kurribari region, the position of which, dose to the great river, 
g^ve them special importance. In April 1868 the result of my observations was reported to 
the Government of Bengal : the existence of a fair seam of useful coal at Sijn on the 
Snmesary was confirmed, the present value of it being questioned, on account of difficulty of 
access from the plains across some ten miles of low rugged hills. Of all the known outcropa 
in the Kurribari region, at Mirampara and Champagiri, a most nnfavorable account had to 

* Cunel coaIs and bituminoas shales yield as much as 120 to 130 galloni of orade oil per ton, bat thej prodacs 
on coke of anj ralue. 



PART 2.] Medlicott: Coal in the Garo Hills, 59 

be given : the deposit was indeed the same as at S^n, and more favorably circnmstanced for 
working, the measures being quite horizontal, and close to the surface ; but the seam con- 
tained only a few irregular little strings of coal in a thick bed of clay, resting almost 
dxreotly upon a platform of gneissic rocks. The only apparent prospect of useful oeal 
there lay in the possible derelopment of the deposit on the same horizon to the deep of the 
£<innation in its main basin, on the south of the barrier of crystalline rocks ; and I sug- 
gested that this point might be determined by a boring in the neighbourhood of Harigaon. 
The present revival of the question has been as stated above. 

Thb DAEAjroaiBi coal-fiblb. The coed, — The sample of the newly found coal, sent 
for opinion, could at once be recognised as the cretaceous coal of this geological province : 
the same as that known at Siju, and as that of the tiny field at Maobilarkar on the Shillong 
plateau from which the supply for the station is obtained. It is a very peculiar coal, having 
less the appearance of ordinary coal than the younger nummulitic coal of the same region 
it has a decided brown colour when crushed, and gives a wooden sound when struck : it is 
moreover impregnated throughout by small nests or minute specks of a resinous amber-like 
substance. It is thus, of course, a light coal, but a very excellent fuel as shown by its com- 
position — 

Fixed carbon ... ... ... ... 47*7 

Volatile ... ... ... ... 44*6 

(Moisture) ... ... ... ... (11*5). 

aSII ... ... *•* ... / / 

• 

The jpoM^ion.— Viewed from the south, the main range of the Garo hills in continuous 
with the face of the Kasia hills to the east, although the aspect is different. Instead of tbe 
bare mural precipices of massive sandstone, there is the steep rugged slope formed on con- 
torted crystalline rocks, and thickly wooded throughout. The chief orographical difference, 
however, is that whereas from the scarp of the Kasia range the ground still rises for some 
distance, passing into the elevated plateau of Shillong, the western range is only a narrow- 
crested ridge, descending rapidly, though much less precipitously than on the south, to a 
broad region of steeply undulating hills of much less elevation. The Sumesary river, the 
8emsang of the pares, passes through the main range by a deep gorge just above Siju. 
At the head of this goxge there is a fine waterfall, close to Jankaray ; and half a mile 
further on, just above the confluence of the Rengchi, the river crosses the south boundary 
of the Daranggiri coal-field, which thus at present lies in a true rock-basin, passing below the 
main drainage level. The elevation here may not be more than dOO to 400 feet above Siju. 
The Sumesary flows for six miles through the coal-basin, the north boundary being about 
one mile below the village of Dobakhol. For the greater part of this length, the river if 
here the boundary, as recently laid down, between the Qaro and Kasia hill districts. The 
range of the field to the east has not been determined. To the west it extends at least four 
miles from the lower reach of the Semsang, up to and beyond Daranggiri. 

Outcrops. — Several fine outcrops are freely exposed ; the one originally reported being 
by no means the most conspicuous. It occurs in the Garigithem stream, a furlong or so 
above the confluence with the Semsang. It is 6 to 8 feet thick, with a steady southerly dip 
of about 4°, the floor of gneissic rock appearing at a short distance higher up the stream. 
In the main river, about half a mile above the same confluence, the seam appears again in 
equal force, with a low easterly dip. The correct inference, that the seam would be found 
continuous through the intervening spur, led to the original announcement of the discovery 
as of " a mountain of coal." It was close to Daranggiri village that I observed tbe finest 
outcrop ; it is well exposed for many score yards at tbe base of the cliff along the right 
bank of the stream, almoi^t hoiizontal, and with a thickness of lull 7 feet throutrhout. 
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being at the lame time very free irom shalj partingB. Near tiM aoath bonndaiy of tin field, 
along the baae of the permanent riee of the main lange, the eoal was fiomid in two piacca ; 
but here it has the disadvantage of having undergone much distufaaDoe. In the straaaa ft 
little to the west of the lower village of Badnri, a few yurds below the Daraaggivi path, tiie 
eoal ia thus seen in full foroe, bat nearly vertieaL (kk the eame atrike^ within a laSe of the 
Semsang, on the path between Badari and Jankaraj^ the appiommate poeitian of the aeaaa 
is marked by large and abundant debris. 

On the evidence of these facts, it is, I think» safe to conclude that there is here a coal- 
field of considerable extent The coal-measures are certainly eontinnons within the area 
demarcated by the localities I have mentioned, oovering roughly abont twelve to fifteen 
square miles ; and although the coal itself is probably not eo-exteosive with the raeasaiea* 
the total quantity must be very large ; and it is fiivorably circumstanced for mining. It lies, 
however, in the very heart of the Qaro hills ; but on the most favorable line for a iaihray» 
through the gorge of the Semsang, should it ever be thought advisable to undertake such 
a work. The nummulitic formation with its limestone caps the high groond in the centre 
of the basin. 

The Rongren^iri basin, — Some miles up the valley of the Semsang^ to the west, there 
is another considenble basin of the coal-measure rocks, occupying the valley above and 
below the Hongrenggiri outpost for a direct distance of seven miles, from a little below 
Sarramphang Haut to below Shemshanggiri. Locally it is five miles wide. I could no- 
where find an outcrop of the ooal within this area ; but there are stratigraphical featnrea 
(see flirther on) suggesting that it may exist within the basin at greater depths than the 
present surface. 

The Kalu 6anfi.— On the Upper Ealu, north of the main gneissio ranges about Chipiw* 
giri, there is a small basin of the coal-measure rocks ; but no trace of coal has been observed. 
Here, too, it may possibly be found at greater depths by boring ; but the field would seem ta 
be shallow and closely oirouinscribed by the gneiss. Even if found, there would be several 
miles of difficult transit to get the eosl to market. 

The main baein. — ^Every other observed i^pearanoe of the eoal-measnre rocks to the 
north of the Tura range (excepting one narrow strip in the valley at Lenkra, in the far 
east), consists only of patches of variable extent and thiokness, resting on the ridges and 
spurs of the crystalline rock, some occurring locally near the Semsang even on the crest of the 
main range. In so steeply eroded a country, these cappings of sediknentary rooks are freely 
exposed on all sides to denuding action, and the presence in quantity of any peculiar materi^ 
could scarcely escape detection ; ^here, too, at any time a shallow trench down the hiH side 
across the bedding would lay bare the whole contents of the section. • Yet in none of the very 
many places where I crossed the measures in this position did any symptoms of coal appear. 
With the single exception of a small patch on the north shoulder of the ridge below the 
village of Sokadam, every observed oatiier of the oretaoeona formation ocean wil^nn the 
basins of the Semsang and the Kahi, in the neighbourhood of the main axis of elevation ; the 
whole atretoh of hills fbr twenty miles on tiie Qoalpara side being, at least on the two tracks 
crossed by me, entirely formed of gneiss. The original sites at the extreme west end <d the 
hills, at Ohampagiri and Mirampara» remain aa tiie only known casea of the seam befaig re- 
presented in a mere remnant of the measures on a low platfetm of gneiss. ThaB» eacepting in 
the very doubtful project of a railway through the Semsang gorge and the Darangsriri basin, 
and also in the unlikely possilulity of stiU finding a detached basin within easy reach of the 
Goalpara boundary, the only prospect of a coal»supply still lies in the main basm of the 
formation, to the south of the Tura range. 
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The ohanoes of this pmpeot axe briefl j tm foUows : It b demonstrabfe in the Ehaaia billa 
•nd here, that the portioii8 of the oretaoeoiu roclu found on the gneiee or within its aoathem 
limit are only the marginal depoeite of a fbrmatiou expanding greatlj in tfaioknasa to the 
aoath. Even within that marginal area, ooal seems to have been formed only*in local depres* 
eione of the old land-surf aoe. The important question then occurs — how was it in the main 
depraasion of deposition P For the Khasia portion it can positivMy be said that the coo- 
ditions for the accumulation of vegetable remains did not exist to the deep of the formation. 
The whole expanded series is fully exposed in a nearly vertical position at the base of the 
range ; and marine fossils occur throughout. Even the horizon of the coal near the base of 
the series can sometimes be determined here by the presence of plant-markings and iragments 
of the resinous substance so common in this cretaceous coal, but here mixed with marine shells. 
The change to the westwards has not been traced out continuously along the strike ; but at the 
Sumesari it is already very marked : . there is a strong seam of coal, well up from the 
bottom beds ; it is brought up twice by contortion of the strata, showing its extension to 
some distance from the rise ; and no marine fossils have been detected in the associated beds. 
This, it will be recollected, is close on the same meridian as the Daranggiri field, only to the 
south of the main range. To the west of the Sumesari a very great change takes place 
in the mechanical circumstanoes of the strata : instead of being thrown on end at their 
junction with the gneiss, as is the case everywhere to the east, the boundary here is, what is 
called, overlapping'— the strata being banked agaiost the flanka of the mountain, each suc- 
ceeding layer overlaps and conceals the one below it. There has been here too some ekvar 
tion, compression, and waving of the strata ; but, on the whole, the &)rmation is only exposed 
to the depth to which the local streams have cut through the superposed strata. All this 
is admirably exposed in the ravines below Tura; each layer being for the short space of its 
overlap the local bottom layer of the formation. In some of them sticks and strings of 
ooal occur, as under Machakholgiri ; but it seems likely that none of these streams touch the 
true horizon of the coal deposit ; so that this may be in foil force to the deep of the basin. 
In none of the beds of this region have any marine fossils been detected ; and there is very 
abundantly here a white fine clay-rock,* that hardly appears in the Khasia sections. On the 
whole, I think the question of coal or no coal in this position ought to be set at rest by a 
trial boring. I have recommended Dipkai, about two miles to north-east of Putimari Haut, 
as a suitable spot. 



GioLOGT. — I would add a few remarks of a more general nature to bring my recent 
observations into connexion with what I have previously said on the geology of thie 
region (see Mem. Ged. Sur., India» YoL vii, p. 161). The difEerence of the structural fea- 
tures of the sections in the Khasis and the Ghiro divisions of this continued mountain-mass b 
greater than was then surmised. In the Shillong region, the elevation of the plateau took 
the form of an equable rise of the whole area — ^the gentle skipe of the cretaeeeoa strata 
from the edge of the searp, passing into perfect . horizontality as they extend northwards^ 
is perfectly unbroken. In the features then observed along the outer base of the naga, 
there was nothing to suggest its being otherwise in the Goto region ; a gradual dimi- 
nution of the elevatory and contorting action being the only change apparent. It would 
seem, however, that, besides a general decrease in vertical effisct, the elevating action here 
was almost confined to the axis of the ranges coiTesponding with the line of the searp to the 



* This rook maj yot be foond vnfoable n » pottery-clay. It contains 52'8 per cent, decomposable by sulphavic 
acid, and free ftrom alkali iron and lime, with a rciMac of i7'2 per cent, of pore line tiUcs. 
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east ; and even, that special local depressions took place to the north of that axis : not only 
are the same geological horizons found at ahont the same level on hoth sides of the ridges 
npon which intermediately remnants of these very heds are fonnd at moch higher levels, but 
also, as is very clear in the case of the Bongreng basin, steady local sinking took place, 
the nommnlitic limestone being fonnd in the middle of that small area at the river's level, 
while the cretaoeoos sandstone passes up to a considerable height on the spurs of the adjoin- 
ing hills, no high dips being introduced. 

It is interesting to trace the apparent connection of these effects of disturbance with 
pre-existing conditions. The manner in which the coal occurs in the Darang basin strongly 
suggests that its limits are to some extent aboriginal, and therefore that the Semsang 
valley itself was lined out in precretaoeous times. At the Garigithem outcrop and also in 
the Semsang there are about fifty feet of sandstone between the seam and the gneiss. Bat 
as it rises along the spurs to the north and west^ one finds a far greater thickness of sand- 
stone without any sign of the coal, which is thus simply overlapped ; the beds on the high 
ground, even in contact with the gneiss, being of a higher horizon than the ooal. Half a 
mile above the main outcrop in the Semsang there is on the right bank a cliff of sandstone 
resting on gneiss, and at forty feet from the base there is a highly carbonaceous shale repre- 
senting the coal seam. 

The manner in which the sandstones are banked up against the Tura range, and fill 
up inequalities in its surface, is quite conclusive on the same point The spur on which the 
station of Tura stands has a midrib of gneiss, packed in sandstone, through which the old 
ravines have been re-excavated. On the section through Siju and Baduri this would not appear, 
the crushing having assumed a peculiar and intense form ; the separating rib of gneiss, here 
representing the Tura range, is only four miles wide, and at the base on both sides the coal 
measures lie at nearly vertical angles against the gneiss and parallel to its surface, while 
high on the intervening ridge patches of the same rest flatly. Thus it would seem that 
elevation by lateral compression takes effect by increasing existing inequalities ; as woald 
indeed result from the crushing of a series of inverted arches. 



On the discovery op a new locality fob Cofpeb in the Nabbada Valley, by 

V. Ball, Esq., m. a. 

The Bijour or submetamorphic rocks of India have, as has been predicted from their 
character, proved the principal source of the useful and precious metals which have hitherto 
been found in this country. The slates, quartzites, and schists which compose the Bijoar 
formation resemble in their lithological characters those metamorphic rocks which in all 
countries are the most productive of metalliferous deposits. 

The discovery of a deposit of copper now to be recorded was made towards the end of 
last year, on a small island in the Narbada river close to the Birman gh&t. The gentlemaa 
to whom the sole credit of this discovery belongs is Mr. Charles Maynard, agent of the 
Karbada Coal and Iron Company. Being well acquainted with the appearance of the ores of 
copper, some stains of the blue and green carbonates upon the rocks attracted his attention. 
He at once determined to open up the ground with the view of ascertaining, so far as possible, 
the extent and character of the deposit. 

On the 11th of January, I visited the scene of operations and found that a ' drift' had by 
that time been driven down to a depth of nine or ten feet. This gave me an opportunity of 
examining the character of the deposit. The rock in which the ore occurs is an argillaceous 
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schiBt associftted with qnartzites. In some of the beds of the latter the component grains are 
Terj distinct. These rocks belong to the Bijour series. 

I found that the underlie of the deposit corresponds to the dip of the strata, amounting 
to from 60** to 65** north, the strike being at this particular point east and west. The ore, 
I believe — as I found also to be the case in Singbhnm* — does not occur in what can be truly 
called a lode, but as a constituent of the schist which it permeates throughout a thickness of 
at least six feet. This was the thickness exposed at the time of my visit ; but according to 
Mr. Maynard's calculation this should be increased by eight feet ; thus making in all fourteen 
feet as the thickness of the schist permeated by the ore. 

There is, as usual, in such deposits, a tendency to the formation of nests and pseudo-lodes ; 
but this, I believe, to be due to subsequent action — seggregation — and that the copper should 
be regarded as a constituent of the schist as originally deposited. 

The ores on the back of the lode, as is generally the case, consist principally of the blue 
and green carbonates (Azv/rite and Malachite). As the mining progresses, nests of the grey 
oxide become more abundant, and there are also some traces of the red oxide. Pyrites (the 
yellow metal of mining phraseology) has not yet been reached, nor can it be until a depth 
sufficient to have ensured its protection from the decomposing effects of atmospheric action 
haa been arrived at. 

The extension of the ore downwards or " to the deep" can only be determined by mining. 
As to its lateral Extension we found some stains of the carbonates on the same bed of schist 
fully 100 yards to the east of the present drift. 

Trenches cut across the strike of the rocks to a depth of three or four feet would pro- 
bably be sufficient to prove the lateral extension sufficiently for all present purposes. 

As to the quality of the ores, the assay of five specimens by Mr. Tween yielded the 
following percentages of copper: No. 1, 47*8; No. 2, 21*2; No. 3,320; No. 4, 26*4; 
No. 6, 12-6. 

Two specimens sent to the mint gave the following result ; — 

Copper ••• 

Iron ... ... 

Earthy matter 

100- 100- 

These results must be considered eminently favorable. The quantity in which the ore 
occurs, the cost of its extraction and transmission to market,t ftre the elements which 
now remain to be ascertained in order to determine the full importance and value of the 
discovery. 

The last accounts which I received from Mr. Maynard represent the mine as progressing 
favorably. Under his energetic management there is a prospect thus of a new industry being 
started in the Narbada valley. 
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64-76 


71-5 



* Sm Record! of the Geological Surrey of India, Vol. Ill, pt. 4, p. 94 

t It does not of coarse come within the scope of this notice to discnsa the qneetion as to whether it woald pay 
hest to export the ore in the form of 'reffnlns,' or attempt the mannfactore of copper on the spot. 
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P0TA8fi*8ALT FBOM Ea8T IHDIA.* 

A novelty which has hecome known here through this year's iTniyersal Ezhihltion is the 
discovexy of Potashnuilt bearing strata in the Mayo mines in the Salt-range in the north of 
the Punjab. 

Dr. T. Oldham* who provided and $franged the vet3r interesting ethitntkm of Ewtt 
Indian mineral prodnots, has already made a oommanioation upon the position of iJie roek'> 
salt in those hills in a notiioe published in the Ver* der Oeoi, Beiekeaneialt, from which it 
appears that this rock-salt group is considered to bekmg to the dilurian formation* and 
accordingly is the oldest among the known deposits of salt 

Recently attention was dmwn at the above-named salt-works to the oconrrenoe of a salt 
which, by its ezeeptiooal hardness, and the more^ seaiohing examination of tiie resident 
chemist, Herr Warth, revealed the presence of a considerable proportion of Magnesinm and 
Potassium. 

Specimens from this deposit now in the Exhibition, consist of a white or reddish granular 
mixture of Sylvine (Chloride of Potassium) and Kieserite (Sulphate of Magnesium). 

m 

The Sylvine and the rook-salt can be at once recognised by the cleavage and blow-pipe 
reaction. The Kieserite appears in grains which have a maximum diameter of 18 mm. 
It is colorless, and possesses the same hardness and cleavage as that given by me for the 
Hallstadt mineral.t In places the Kieserite appears also to be compact. 

The contained water amounts to 12*99 p. c. exactly, thus agreeing with the calculated 
amount 13'04. 

From the Kieserite in a moist atmosphere chan^ng into Epsomite, the samples in which 
that ingredient predominates become quite disintegrated at the snrfisu^e, and exhibit a con- 
stantly deciduous coating. Many pieces consist almost exclusively of Sylvine. Whether also 
some Kieserite occurs in these samples, as may be conjectured in such an association, does 
not yet appear, since I have only been able to submit small pieces to examination. 

The discovery of this Sylvine-bearing salt-band cannot fail to arouse attention in Eng- 
land, since, in spite of the difficulties of transport, a profitable exploitation is possible. 

T. 



NOTBS ON THB GboLOOT OF THE NEIOHBOUBHOOD OF MaBI HlLt STATION IK THB 

PVNJAB, by A. B. Wtnnb, F. O. 8., &0. 

The outer Himalayan hills on the borders of the Northern Punjab present a marked 
alteration in the general direction of the Indian frontage of these mountains. The prevalent 
north-westerly strike of the Western Himalaya is here lost, and this most nortiierly comer 
of the Indian Empire is embayed between the approaching masses of the Himalaya, Hindoo 
Koosh, and Suliman ranges, the outworks of which have various westerly and northerly 
directions. On the Himalayan side, as noticed by Mr. Medlicott (Mem. 6eol. Sur., VoL III, 
pt. 2, p. 90), in the valley of the Jhilam river, the hills to the eastward possess the normal 
north-westerly strike, while on the opposite side of the valley they run in directions nearly 
at right angles to the former. On one of the most lofty of the minor ridges closing in 
this Jhilam valley to the west is situated the hill station of Mari, at an elevation of 
more than 7,000 feet above the sea. 



* TraBslsted from the Johrbach der K. K. Oeologriseben Reichaangtalt, XXIII, No. 2, p. 136.— V. B. 

t Sitxuugsber. J. Wieoer. Akad. Bd. LXIII, p. 305. 
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BeBides the features noticed, the mountains on either side of the Upper Puigab ein> 
baymant are more or less united by two lower ranges of hills, of which the most southern 
is the Salt Range, dividing the broken undulating Potw&r or B4wal Pindi plateau from 
the lower deserts and ' Doabe' through which the five great rivers of the Panjab pass towards 
Bind. The other less defined group of hills stretches from the Haz^ra mountains, by the 
Chita Pahir ridge to the Affrfdi hills, towards Koh&t, separating the B4wal Pindi 
platean from the Peshawar plain. Within this cluster of hills are large open spaces of low 
ground cut up by ravines similarly to the Potwar plateau,* partaking somewhat of the 
direction of the two last named ranges and closely flanking the Hazara portion of the most 
northern group of the two. The Mari ridge rises among numerous other hills near the 
village of Chattar Sila, then passing in a north-easterly direction by Trtft to Mari culminates 
there at Pinacle hill (7,467 feet) overlooking a spur called Kdldanna, which unites the main 
ridge with the more massive Murchpuri mountains to the north. 

From Pinacle hill the Mari ridge bends to the east by south for a couple of miles, 
separating the head waters of the Sohan, a tributary of the Indus, from those of the stream 
which occupies the khud between Murchpuri mountain and Dewal, falling into the Jhilam 
near Kohala. At Topa summit the ridge regains its north-easterly direction, and passing 
by Dewal inclines still more to the north, descending gradually till it reaches the banks of 
the Jhilam river. 

Southward from this Mari ridge the hills on the same side of the Jhilam valley consist 
of four or five other ridges, all having the same general direction, starting from the 
Potwar plateau with a general strike of E. 90^ N., but bending northwards as they rise, 
and where they decline into the valley of the Jhilam having a bearing still more to the 
north than north-east. Most of these elevations are sharp-crested, the hill country presenting 
a succession of deep steeply sided khuds or valleys, but southwards the lofty plateaux of 
Narh and Karor are striking exceptions to the rule.t 

Northwards from Mari the same north-east and south-westeriy run characterizes the 
hills ; but for some distance both north and south of the station the ridges seem to branch 
east and westerly from a crooked back-bone or mid-rib rudely parallel to the course of the 
river Jhilam. This is less prominent to the south, but coincides with the most lofty 
summits to the northward, carrying the watershed between the Indus and Jhilam away to 
the northern side of the Kagh&n valley. 

Another feature of the hills immediately near Mari may be noticed, namely, the 
occurrence of small nearly horizontal patches of ground at high elevations formed of un- 
stratified light-coloured clay. Advantage has been taken to level the surfaces of two of 



* TImm open spaces aod the adjAoent hills afforded the site of the military operations cunnoctcd with the 
Nortiiem Camp of Exercise in 1873 near Hassan Abdal. 

t It is said that when the sanitarium was being formed at Mari there had been some Intentini) of adopting the 
Narh platean as Its site instead. The n^ason given against this is want of water at the latter site ; bnt the natives 
have another legendary one connected with the displeasure of the local Plr or spirit, who is said to have caused 
snah ineonvanience to the inhabitants of the first hut built at Narh that the ' Saktb log' departed and left the 
Pir in peace. 

The elevation of the Narh plateau is only about 1.000 feet lower than Mari; the form and slse of the plat«au, 
whkh la cultivated in places, would seem to offer a much more capacious and better building ground while the 
siie of the catchment area and disposition of the strata are vastly more csleulated for retaining a supply of water. 
The distance firom Bawul Pindee station is rather less than that of Mari. The road-maktng difficulties are less, so 
(kr as the hardness of the rocks Is concerned, but this renders them less sulUble as building stone ; suow lies herr 
much shorter time. The platean is not covered by forest ; timber, however, abounds on the northern slopes of the 
neighbouring valleys. There Is a well-made country road now for more than half the distance from B4wal Mndi. 
and as permanent quarters for troops, the site appears to possess, on the whole, natural advantages superior to those 
of the hill of Kuldaana, at the same elevation, where cxleusivo barracks are in course of construction at present. 
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these, 80 as to form the oricket-gronnd at " the Flats," three miles below the station on the 
Kashmir road, and for the croqnet or archery ground south-west of Pinacle hill. Both of 
these localities are situated on the very back of the ridge ; near the former rises the summit 
of Topa ; but the latter, at a much greater elevation, is commanded by no greatly higher 
ground in its immediate neighbourhood. The clay in both cases is evidently water-washed 
detritus, and it is not easy now to suggest where the ground was once situated which formed 
the catchment area to cause these deposits, though they indicate clearly enough a former 
different configuration of the hills, and point to adjacent masses above them having been 
entirely removed by meteoric denudation. Such facts as these, and the constant occurrence 
of landslips on the slopes of these steep ridges, all more or less ' dressed' to a uniform in- 
clination, force upon the observer a recognition of the slow but enormous atmospheric 
erosion by which these khuds and ridges have been formed, here doubtless largely aided by 
the periodic rains and winter snows.* 

The rocks of which the Mari ridge itself is formed, and all those for a long distance 
southwards, present a sameness amounting to monotony. They belong to a vast series of 
alternating gray or purplish sandstones and deep purplish-red clays, with occasional finely 
concretionary pseudo-conglomeratic bands. The series forms one of the lowest sub-divisions 
of the great outer tertiary zone of sandstones, clays, and conglomerates, coincident and 
co-extensive with the southern frontage of the Himalayan mountains. It is evidently the 
same group of rocks as one of the lower divisions of Mr. Medlicott's sub- Himalayan series, 
in the Simla country, apparently corresponding to the Dagshai beds of that section ; but 
this being still debateable, it has here been called provisionally after the station — ' The Mari 
Group.' Its thickness is difficult to estimate owing to the contorted positions of the beds, bu^ 
it must be very great; indeed, from an observation where the same rocks were locally less 
disturbed in Kashmir, the group may considerably exceed 6,000 feet; 

To the south the Mari rocks are succeeded by very similar red clays and grayer or bluish 
sandstones passing upwards into soft light gray sandstones, having local strings of lignite* 
and alternating with rusty orange clays. The latter are succeeded by conglomerates as 
described in a previous paper in these Records (Vol. VI, part 3). 

The strata composing that half of the Mari ridge descending towards the B4wal Pindi 
plateau are either contorted or present a steep inclination towai'ds the north-west, as though 
to pass beneath the limestone hills forming the opposite side of the khud in that direction. 
This feature is nowhere more marked than towards the south-west end of the Mari station, 
where it may be seen in sandstones and clays all round and over the observatory hill, the 
outcropping edges of other strong sandstones underlying these beds being traceable along 
the adjacent side of the khud to the south-east ; and the same strongly marked dip being 
plainly visible from side to side of the ridge in the height overlooking the Lawrence Asylum 
and the Mari brewery. It occurs again on the road to Kashmir and in other parts of the 
station ; but is not universal, for towards Kashmir point there are many inclinations to the 
westward and southward of west, chiefly on the northern side of the ridge, while over the 
continuation of this, towards Dewal and Kashmir, the latter and other dips in different 
directions indicate the contorted state of the beds. It is perhaps owing to this circumstance 



* The well known Himalayan feature of the forcsU boiiig confined to one aepect of hiUc, particularly those in 
which the Faluder tree, {Findrao, or JPtwar* SmUhiana /) predominatee is well marked about Mari. Here the dcnselj 
wooded slopes are those presented most to the northwards or north by west, the opposite or sunny side being oflcn 
oearlT bare of trees. The forest at Mart ends sharply at the summit of the ridge, and yet Palnder forest may be 
seen creeping down the south-western slopes of Chumbapeak above Khairagali ou the upper road to Abbottabad 
as if the exception were neoessaiy to pro?e the rule. 
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and to the less steep form of the ground that this north-easterly half of the Marl ridge 
posseeses its strongly marked red colour, the red clays having a larger surface exposure and 
heing less liahie to rapid removal hy the action of ndn. 

The prevailing dip of the Man rocks, towards the higher hills adjoining, is a strikingly 
abnormal feature in the structure of the country, and not to be relied upon in estimating the 
relations as to succession among the rocks of these hills. Notwithstanding this, it is a 
feature remarkably prevalent along hundreds' of miles .of the junction between the outer 
tertiary belt and the nearest of the other rocks of the Himalaya ranges. — It is also to be 
found along the foot of the Alps in a similar relative situation. (See Mr. Medlicott's report 
previously quoted, and his " Alps and Himalaya, a comparison," — Jour. Geol. Soc., Loud., 
February 1868). 

If this north-westerly dip were to be looked upon as indicating the succession, and un- 
connected with faulting or other complexity (see Geol. Sur. Records, Vol. YI, pt 3, and 
Jour. Geol. Soc., Lond., December 1873), then it would follow that the rocks north-westward 
of the ridge must be newer than those of the Mari series, which is not the case. 

Taking this north-westerly dip to be the prominent stratigraphic feature of the Mar^ 
ridge, associated, however, with other flexures of the beds, these will be found to bend over an 
anticlinal axis coinciding with the khud immediately south-east of the station, the first of 
a series of undulations, which becoming more open pass through all the hills to the southward 
on this side of the Jhilam valley. 

The synclinal axes of these undulations seem to rise towards the eastward, steady low dips 
in the opposite direction being visible from Mari in the precipitous flanks of some of the 
distant hills on this side of the Jhilam, as in that supporting the plateau of Narh and others. 

About Mari itself the rocks possess but little interest in detail ; they contain only, so far 
as is known, obscure vegetable impressions ; and there is not even evidence to prove whether 
they are of marine or freshwater origin. Close to the station, however, in the khud between 
it and 'the limestone hills opposite, about Clifdeu, on the connecting ridge of Kuldana 
and along the upper road to Abbottabad, the local geology becomes much more attractive 
and important, although obscure and difficult to work out owing to the crushed and fractured 
state of the rocks. 

The lofty masses which fill the front of the mountain-landscape northwards from Mari, 
strike the eye at once as being of different rocks from those of the Mari ridge ; their naked 
or, for the most part, unwooded slopes permitting the gpray limestone of which they are so 
largely composed to appear and influence their colour. This contrast is very strongly marked 
where the red Bewal portion of the Mari ridge forms one side of a deep khud, from which 
the gray ridges and spurs rise abruptly towards the peak of Chambi and the high summit of 
Murchpuri (9,229 feet). 

The change in the geological structure of the ground is well seen by following the new 

or upper military road to Abbottabad from Mari station. 
^Sjction slong the Upper Abbotubad proceeding along this towards Sunny Bank Hotel, the reddish 

and gray sandstones and purplish red clays or shales of the 
Mari series, with south-easterly dips, appear in the road cuttings, one thin band of grayish- 
olive shale occurring among the reddish rocks below Titighar, and u little debris of a greenish 

color near to Sunny Bank. Just at the latter place num« 

^^'^ mulitic shales and limestone are nearly horizontal in the 

Kuldana road, more of the limestone and red debris being seen on a spur below it. The red 

beds are again to be found from this to the Kdldana cross-roads, just before reaching which 
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there is a small exposure of impure limestone, probably part of a lenticular mass, inclined 
towarda the Mari hill. It contains number of small Nummulitw little Bivalve shell casts, 
and rarely fragments of Crustaceans, 

A few paces further, on the Kdldana side of the turn in the road, are bright puix^le and 

reddish friable clays breaking down into small splinters. 
Some compact earthy calcareous beds like lithographic 
limestone underlie these, and days as before (except the purple parts being dark, almost to 
blackness) are then met with. In these latter are a few sandy bands marking stratification, 
vertical and highly inclined southwards. A little further, an anticlinal flexure occurs* and 
limestones among the red clays containing sometimes small Nummulites in quantities dip 
in the opposite direction. Certain differences in these limy bands from those left behind 
render it doubtful that this arch in the beds repeats those on each side. Here the rocks are 
for a short distance concealed by debris from the hill, some of which is cemented into calca- 
reous breccia, and all largely consists of limestone. The next rock seen, in situ^ is a strong 
600-feet band of dark blue or black compact limestone, altematiDg with gray and black 
shales, and dipping east-south-east at 60°. This limestone has in places black filmy patches, 
some of the beds are lumpy, the nodules being partially enclosed by shale, and it contains 
small fragmentary spiral shells, fragments of JEchinoid spines, and in some layers numerous 
Nummulites, Botalina, or other small Foramin\ferous organisms. 

This strong limestone band crosses the Ktildana hill in a north-easterly direction, striking 
into the Dewal Ehud, where it is lost to view, b^t on the other side it may be traced all along 
the slope of the Mari ridge, passing by Sunny Bank, Clifden, and Ghoragali, on the B&wal 
Pindi road, to beyond Tr^t. At the last three places there is on the Mari side of it a more 
or less strongly developed band of gypsum, associated with red and greenish days, dose to 
the reddish or gray sandstones and reddish purple clays of the Mari ridge. At many places 
along this zone and in its neighbourhood south-easterly dips may be observed in all the rocks. 
The gypsum band is not seen in its place on the Edldana road, but may be represented by a 
few strings and needles of this mineral in the red clays. 

From the Euldana limestone rib on to the commencement of the ascent to Ehairagali, m 
distance of about two miles and a half, the road section exposes numerous alternations of 
bright red and purplish shales or clays, and limestones with strong gray sandstones, the latter 

predominating in the first mile ; amongst these towards the 
end of the 3rd mile from Mari and commencement of the 
4th are five exposures of gray, gpreenish, brownish, and olive shales, sometimes let into 
their places by faults. Sometimes regularly interstratified with the red clays and gray sand- 
stones, the whole dipping at high angles in a south-easterly direction. From about three and 
a half miles to where the road passes through a small gap, to overlook the Dewal Ehud, the 
gray sandstones are no longer conspicuous, and many beds of limestone, generally thin and 
earthy, arrange themsdves in three groups alternating with deep red and greenish and lavender 
coloured shaly clays, which are nearly vertical or dope generS|^y as before. Some of the 
calcareous layers abound with Nummulites and some i^pear quite unfossiliferous. 

In the gap abovementioned the same clays are found, then contorted limestones with 

few and obscure organisms, then alternations of limestones 

and shales, then again red, lavender, brotniisfa, and purpush 

days with calcareous layers, much crushed and contorted, are seen dose to the foot of the 

indine. The most of the dips towards the end of this Edldana portion of the section underlie 

towards northerly directions, particularly near the few 

huts at Deriilgali. The whole of the road section from 

Kuldana, lower-Martello tower, to the foot of the Ehairagali ascent, exhibits numerous 
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■lips or difllocatioxis of the strata, and it is diffioult to say how far these may repeat 
the beds. The rocks at both ends of this part of the section are so mnch alike that 
repetition wonld seem probable, but certainly not of the whole mass, for at the nor- 
thern end the bulk of the red clays and calcareous bands is very much greater than to 
the southward. Many of the strong gray sandstones are exactly such as occur above 
on the Mari hill, but there is some slight difference in the clays, which here are redder and 
more inclined to break down into chips like nails ; however, this sandstone portion of the 
section, if not a repetition of some of the Mari beds, would seem to possess a character as 
nearly identical as any two stages of one lithological formation or group need be. The gray 
and olire shales have no representatives among the bulk of the Mari beds, and the whole of 
the Kdldana rocks seem closely allied to Mr. Medlicott's ** Subathu group," but the question 
remains whether to limit the distinction to the Kdldnna rocks only, or to include under the 
same name of " Subathu" the whole of the Mari series P Just along this road to Abbottabad 
there is nothing to prove concordance or discordance between these "Subathu" and the 
" Mari beds," but their complete conformity being established by other sections towards the 
low country, they are looked upon as stratigraphically inseparable, the only grounds for divid- 
ing them being the evidence they contain of nummulitic age, which does not, however, 
preclude the possibility of the Mari beds belonging to a later portion of the same period. 
Altogether the Mari beds seem to correspond closely with the Dagshid zone of the Subathu 
section. 

These Kdldana rocks, too, have somewhat the aspect of a transition or intermediate group 
between the Mari series and the hill nummulitic beds to the north, for among them beds 
will be found bearing considerable similarity to the limestones and shales upon one side, and 
also some, as above stated, much resembling the rocks of the Mari group on the other ; indeed, 
if the succession was regular, clear, and unbroken, such beds as these of Kdldana might well 
form the passage from the calcareous rocks below to the mass of arenaceous and argillaceous 
ones above. 

Just at the foot of the Khairagali ascent, the series now described is interrupted by a 

DtriAgali, pitoe of abnormal con- ^® ^^ contact, the discordance on each side of which is 
^■^ not there very prominent, but which is nevertheless one of 

the most strongly marked structural features of the geology of the whole country, including 
adjacent portions of Kashmir. The lower tertiary rocks to which the Kuldana series 
belongs are everywhere brought into junction with the ' hill limestones' such as occupy the 
KhairaGali slopes, by a line of junction as definite and marked by sudden discontinuity as is 
any known line of dislocation.* 

A few yards beyond the huts at Deria Gall the purple and variegated series of Kuldana, 
dips at 30** to the northwards directly at a mass of crushed and broken nummulitic limestone 
and shale dipping in the same direction. A moment's consideration, however, will show that 
if this dip had occurred in otherwise undisturbed strata, a large portion of the Kuldana series 
cnight to OTsrlie the variegated rocks ; instead of which, limestone of a different aspect 
oooupies their place, proving the discordance just mentioned. These dark, solid, compact and 
lumpy limestones, interstratified with dull gray and brownish shales, broken, twisted and con- 
torted, occupy the ascent for nearly a mile and a half beyond the huts at J>eria Gali. They 
contain here and there ample evidence of their nummulitic age in the small ^oraminiferat 
NummuUteg, and J^totiUina which they contain (though these at times require search to find), 
and the strong outcrops of the limestone band may be seen projecting from the hillside 
towards the Mari Khud, increasing the appearance of discordance. 



* S«e B«copdt Qeoloflcal StirTeT» Vol. VI, part $. 
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At the dUtanee aboTe-mentioncd mod about half^waj np the Kbaira Gali indine^ where 

the road bends weetwaid iato a steep ravine, it croases ft 
mats of red clajs and greenish graj sandstones oecnpyini^ 
a space of about 100 jards in width, and bearing tiaees of mneh ernshing and displacement. 
Such dips ss are seen bending towards the sonth-east at high angles and neari j verticaL The 
junction with the nonunnlitic limestones, Ac^ on either side is concealed bj dAris, the dip oC 
the shales and limestones to the north-west being quite diMordant, while thoee on the opposite 
side, though in the same geneial direction, are too distant to aigue oonformity therefrom. 

This narrow band of sandstones ^nd red days strongly resembles, if it is not abeolntelj 
identical with, tome of the Kuldana aeries: it may be traced from a spur cloee beneath 
KhairaGali, cutting through the limestone hills and khuds in a south-westeriy direction along 
the flanks of the EJi^raGali and Bhumkot spur to a place called Liran opposite to Clifden, 
where it disappears. Here, at Liran, it is overlaid by or associated with a considersble mass of 
stratified rock-gypsum of pinkish white colour, dipping, as the red zone generally does, in a 
south-easterly direction. Throughout its oourw it seems to be cut off by a firnlt from the 
limestones to the north-west, while its south-eastern boundary may veiy probably be another 
fault. The only fossils which bave been observed are plant remains in the sandstones similar 
to those of the Mari and Kuldana rocks. The situation of this remarkable band appa- 
rently fbrngn to the locsl series, plunging into the lateral ravines and rinng over the inter- 
vening spurs, marking a deep line of fault cutting through the limestone and shale series, 
bean testimony to the dislocatiou of the locality and may also be considered oorrobontire 
evidence of the nearly parallel line of abnormal junction between the limestones of the hills 
and the lower part of the outer tertiary series, coinciding with an extended region of &ulted 
dislocation. 

Beyond the place where the upper Abbottab4d road crosses this red band, and thence to 
„ ^ ^ „ the crest of the spur at Bare&n €kdi (where there is another 

BsTBan Osll. 

cluster of huts and bunnias' shops), black, compact, and 
lumpy nnmmulitic limestones and shales, varying up to several yards in thickness, may be 
observed. Their stratification exhibits as much foreible disturbance as before, and the pre- 
valent dips are northerly at steep angles. 

Haring here arrived at the crest of the first spur or ridge north-westwards from Mari, 
^,^ j^ .1.^.^1^^/^.,^ •- the situation overlooks on one side the profound DevalKhud, 

and on the other, deep ravines leading tnbntanes of the 
Haro river down from Chambi Peak. From a neighbouring eminence upon the ridge a view 
may also be obtained towards Mari, the deep khud beneath it and the col, or connecting 
spurs, at Ghora Gali uniting the Mari ridge with the limestone chain opposite, in the same 
way as the ridge and hill of Kuldana does. Down in the valley between these two connect- 
ing ridges may be seen the old road \.o Abbottab&d descending the slopes and spun from 
Mari beneath Nandkot and Clifden. This old road, like the new one, exposes a section in the 
cuttings, crossing the extension of the Kuldana limestone rib, and beds which ought to 
ocoupy nearly the same horizon as those immediately to the north of it at Kuldana. These 
beds, however, on the lower road bear only a general resemblance to the former section ; red 
days predominate, the sandstones differ both in quantity and kind, sometimes containing 
layen crowded with ISummuLiU; And the thick masses of greenish olive or gray shale of 
the Kuldana section are not seen. The ground seems to be much slipped and faulted ; and 
down towards the bottom of the khud on the Mari side, this old road crosses several altenm- 
tions of strong limestone and crushed red and variegated clays or shales, difficult to identify, 
except in a general way, vrith those at the northern end of the Kuldana ridge. Contortion, 
slippage, and local development might, however, easily account for the differences between the 
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two BectionB. The bottom of the khud, and for seyeral hundred feet above it on the Mari 
side, as well as the whole of the opposite side (except at Liran previously mentioned) is of 
nummulitic limestone and shale, and the general dip of the section like that at Kuldana is 
to the south-east. 

Betuming to Bare4n Gali, the nummulitic limestone of the spur from KhairaGali into 
g^^^^^ Q^ the Deval Khud may be seen passing downwards for hun- 

dreds of feet with a steep dip to the northwards, which, 
changing to vertical, turns in the side of the Masote glen so as to dip at a high angle to the 
southward. Ear down in this glen the rocks contain nummulitic JForamintfera, but it is 
very probable that they are not all nummulitic, for southward of the continuation of the 
red zone cutting through this spur high up near KhairaGali, a band of hard sandstone was 
found, which may suggest that the limestones beneath it belong to some of the lower groups. 
One great inverted synclinal fold in the limestones far below this sandstone band is also 
visible in the side of this spur opposite to the steepest part of the ascending road from 
Deria Gali to Barean Gali. 

From this latter place up to KhairaGali the road runs on the western side of the crest 

of the ridge ; the same dark, compact and lumpy nummu- 
4 litic limestones and shales being seen the whole way. The 

beds are much contorted, but near the barracks dip generally south-westerly, and further on 
dose to the bazaar are inclined the opposite way at 60° to 70°. Just here another narrow 
red band, consisting entirely of clay sloping entirely in the same direction, passes through the 
bazaar and down into the khud to the westward ; its relations are, however, veiy obscure. 

From Khaira Gali to Changli Gali there are two roads ; of these the main one ascends on 

the west side of Chumbi Peak, and the other, or back road, 
KhairaGali to Chanffli Gali, n • i ^ ^ i ■ i <. .1 

generally m a dangerous state, only passable for men, takes 

the eastern side. A sketch section along part of it, with remarks thereon, will be found in 

Dr. Waagen's paper in Geological Survey Eecords, Vol. 5, p. 16. Following the main road 

upwards rocks of different age from those previously mentioned will be found, though some 

of the limestones are sufficiently like the nummulitic ones to escape anything but close 

scrutiny, and sometimes even this leaves them doubtful. The observation has been made 

that the nummulitic limestones may be detected by their bituminous smell ; this is frequently, 

though not always, the case ; but a better test seems to occur in the lumpy character, seldom 

long absent from the nummulitic beds. 

These limestones and other rocks seen at intervals along the road have been referred from 
their frequently obscure fossils to the triassic and Jurassic formations (see Dr. Waagen's 
paper just mentioned). 

Something of the confusion among the rocks here may be gathered from the observation 
State f the rocks. ^^ within the short distance of about two miles from 

KhairaGali to Changla Gali by the main road, the Jurassic 
beds re-appear seven times, the triassic four times, and the nummulitic three times ; their 
places of contact being for the most part lines of fault or slip, of which fourteen or fifteen 
have been noted. The rocks are generally inclined at high angles from north-east and south- 
west axial lines ; but even these are themselves inclined, and in places nearly vertical ; the 
positions of the beds affording no help towards restoring the original arrangement of the 
curves or the relations between the different groups. 

For a short distance from KhairaGali nummulitic limestones and shales occur, their 

north-by-weeterly dip rising from about 35° to vertical, 

steady in the limestones, but crumpled, crushed, and contorted 

in the shales ; just beyond the vertical beds of limestone and separated from them by a slip 
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or fault ftre some black shales much oTemin by debris. They are probably a portion of the 
Spiti shales (jarassic) coming through firom the other side of the hill. 

The road turns round a small shoulder of the hill here, and a few paces beyond are some 
shaly limestones with a five-f eet band of shales, underlying about 160 feet of hard dark-coloured 
ferruginous sandstones, shaly in their upper part. These dip at 70° north-west, and have 
been referred to the " Gieumal Sandstone," Upper Jura of Dr. Stoliczka, (see Memoirs, Geo- 
logical Surrey, Yol. 6, pt. 1). 

The road turns sharply here to the right, entering an open khud, and the next rocks 

seen are black and gray, strongly and thinly-bedded, lime- 
stones with some clay or rotten shale bands. The beds are 
steep, vertical, and bent over a nearly vertical axis. These limestones extend about 150 
yards from the sharp turn mentioned, at which distance they have a strongly oolitic texture, 
overlying a thin-bedded zone. They contain a few fossils of triassic aspect. Although they 
appear to overlie the Gieumal sandstone and a few beds of the latter, with 5 feet of black 
shale both inclined towards the limestone, occur immediately beyond it, the junctions seem to 
be on lines of fracture and the limestone does not resemble the description of the cretaceous 
beds resting on the Gieumal sandstone series of Dr. Stoliczka. 

Along with the small exposure of this sandstone and shale just mentioned are lOO^eet 
or so of dark-coloured vertical limestone apparently belonging to the Jurassic sandstone 
series, for a few beds of the latter, also vertical, are next seen, and a little further on, thin- 
bedded, black and gray shaly limestones are also nearly vertical or dipping at a high angle, 
north-west, indicating an apparent alternation of limestones in the sandstone series. 

Here another fault brings into the section contorted and vertical, dark gray and gray, 
thick and thinly-bedded limestones, seen for 260 yards. They are occasionally interstratified 
with shaly layers, and are at the further end of the exposure oolitic. In these beds traces of 
fossils are not numerous, but the rocks appear to be triassic. 

Next seen is a mass of about 80 feet of vertical solid blue gray ferruginous sandstone 

calcareous in places and resembling that referred to the 

Gieumal series. It contains traces of fossils, which, however, 

could neither be extracted nor made out, and it seems to be enclosed between two lines of fault. 

Beyond this the road passes through vertical or highly inclined black and gray 
,j^^ limestones, for 200 yards. They are partly thin-bedded 

alternating with shales, some are oolitic, and some largely 
composed of fragments of shells, among which are small oysters (one O. Haidingerii /), casts 
of a large smooth Bivalve and of strongly ribbed shells, apparently Trigonia, also small 
Rhynehonella and some Gastropods. These are perhaps the most typical triassic rocks of 
the whole section. 

Apparently brought into junction with these limestones by a reverse slip or fault, is a 
small quantity of vertical Gieumal sandstone, with some layers of black shale. 

Debris overshoots the bank for a short way, and at the 9th mile post, are gray sandy 

micaceous shales with limestone layers probably triassic, 
^' dipping to the eastward at 66^ and other angles. 

A few paces onward the dip changes, coinciding with a break in the rocks, and thin- 
bedded gray compact limestone which weather light yellow dip at 46^ north by west for 100 
yards. They contain beds full of small Ousters, and are believed to be triassic. 

A very sharp turn in the road occurs here for another hundred yards, beyond which, 
gray, flaggy, and thin-bedded shales are seen, bent into bold curves, weathered of a light 
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yellowish gray oolour, and overlying acme g*ay limestone occupying an arch in the beds. No 
foBsils were found here,60 that the position of the shales is doubtful. Debris then conceals 
the rook for a few paces, protruding from which are some black rusty and gray pisolitio 
shales. 

Just beyond the last named beds, nearly vertical numraulitic limestone and shales occur, 

the former bavins? sometimes black filmy carbonaceous 
yBmmnliiic. «-. . , 

patches. These beds continue for 600 yards crossing the 

road with hijfh northerly dips when not visibly curved. They contain pretty generally dis- 
tributed — SotaliiHBf little spines, small Nummulites, Corals, and Orbitoid^s ? 

Near the upper end of this exposure of nnmmulitic limestone superficial debris occurs 
Btlemaitefl again, allowing, however, some thick, bedded oolitic limestone 

to appear, in contact with which some brownish gray shales 
highly inclined to the northward contain numbers of canaliculate slender Belemnites, From 
the arrangement of the rocks here, it is probable that the mass of nummulitic limestone is 
included between faults on each side. Close to this place, but further up the hill, are dark 
thin-bedded limestones succeeded by calcareous sandstone, over which is a thick mass of shales, 
in parts very black and concretionary, resembling the Spiti shale of Dr. Waagcn's paper, 
except that no trace of fossils could be discovered in them. They are overlaid by a few feet of 
the dark rusty Gieumal sandstone, and are cut oif by a fault from about 150 feet of blackish 
and gray flaggy impure limestone, with carbonaceous films and shaly layers, dipping to the 
west by north at 70**. These beds contain a group 10 to 12 feet thick, in which shale frag- 
ments are closely compacted together. They are possibly of Jurassic age. The upper portion 
of these limestones is very earthy and flaggy, and just at a spring beside the road, they arc 

separated by a band of very black sulphurous shale, from 

nummulitic limestones inclined as before at steep angles to 

the northward of west. At 9 feet upwards in these nummulitic beds another black shale 

band, about 3 feet 6 inches thick, occurs, but less pyriteous than the lower one which may 

mark the base of the group. Between the spring mentioned 

(used as watering place for the Khairagali mules) and 

Changligali, the shales and limestones of the hill nummulitic group only are to be seen ; they 

present much contortion as usual, and contain in the way of fossils small Rotalin<B and 

little Corals ot difierent kinds, as well as a large Gastropod in bad preservation. 

From Changligali onwards by this road to Dung4gali the nummulitic rocks predomi- 
nate, but there are masses of unfossiliferous limestone believed to be triassic, and in two 
places nearer than Darwaza-kuss, the Jurassic beds of sandstone, limestone, and " Spiti shale" 
are seen, the largest exposure of them being for several yards on each side of the 16th mile 
slab at a place called Kondragali. 

Hero the Spiti shales contain Ammonites and Inoceramus, Belemniles, Pectens, &c., 
and apparently uncanaliculate BeUmnite casts with casts of Bivalves (perhaps Tri^onice) 
occur in sandy beds nearer to a Mule d&k chowki. Besides these there are distributed 
through the rocks hereabout obscure shells, bands of corals and beds largely made up of shell 
fragments in the limestones. 

Nummulitic rocks recur in force for a mile south of Dungagali, again on top of Murchpuri 

mountain, and all along the road from Dunga^jali to Kalabag, 
about half a mile beyond which place, these rocks are seen 
almost in junction with the Attock slates, stretching from Mianjani mountain, (the highest 
in this country, attaining nearly 10,000 feet) away towards the south-west. 

Down in the bottom of the khud between Dungagali and Kli4b4g, and also isolated at 
a Bkuch higher lev^l under the last named post, there are some peculiar red beds the relutious 
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of which have not as yet been worked oat. They consist of bright red and pnrple clays, 
harder red earthy beds, hard blue and red-striped sandstones, Tariegated greenish and Uackish 
purple earthy beds, and a mass of liver-colored and greenish clay or shale alternating with 
bands of white and gray finely crystalline gypsum and limestone. They extend for more 
than a mile down the valley of the Haro river, and at first sight seem allied to the gypeeoos 
rocks of the Subathu group, but it is difficult to understand how these could have come into 
such a position except by enormous faulting. It is perhaps possible that these rocks may 
belong to some of those " hehw the Tricu " of Sir Ban mountain near Abbottabod (see 
Memoirs of Geological Surrey, Vol. IX, p. 335), but until a closer acquaintanoe with the 
structure of the ground has been obtained, it is hardly safe to assign them to any particular 
stage. Their beds exhibit at least one anticlinal curve, and if normally placed, oonsideiing 
the undulating character of thd rocks along the Abbottabad road high above, they ought to 
occupy a position very far down in the series. They are evidently the rocks referred to in 
Dr. Yerchere's paper to the Asiatic Society of Bengal, Vol. XXXV, as "Geyserian." 
From the foregoing descriptions and Dr. Waagen's paper, it will be seen that the Chumbi 
peak over Elhairagali and the Abbottabad road, expose beside the nummulitic rocks two 
of the secondary formations. Secondary rocks are also known to occur among the long 
spurs or ridges from this higher region, passing northwards of Bawul Pindi ; hence the 
conclusion may be arrived at that a central mass of these rocks exists within the Muichpuri 
mountains. In none of the situations mentioned however are their exposures sufficiently 
simple to admit of strong assertions r^arding their conformity or otherwise, but it is very 
probable from observations made in Hazara (Memoirs, Geological Survey, Vol. IX, art. 3) that 
the jarassic beds discordantly overlie the triassic series, while both of these and the num- 
mulitic beds also are most likely quite unconformable to the Attock slates. 

The chief interest connected with the rocks of the whole district is the identity of some 
of them and their fossils with the central Himalayan series examined by Dr. Stoticuka in 
Spiti, &c. ; also the resemblance between certain of the limestones and those of the Kirol gitrap 
pointed out by Mr. Medlicott, (Memoirs, (xeological Survey, India, Vol. Y, part I, and Yd. Ill, 
part 2) as well as the connexion between the outer tertiary rocks here and the Sub-Himslayaa 
series of the latter author. 
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DONATIONS TO MUSEUM. 

Six slabs of flexible sandstone. — Cox.. McMijaoir. 

From the Portugese Commission at the Vienna Exhihition. 

Galena ... ... ... ' ... locP 

Argentiferous galena ... — h 

Antimony ... ... ... Dist. Porto. 

Tinstone — ... ... Bragancia. 

Tin from ditto .«• ... ... „ 

Massive iron pyrites ... .». San Domingo. 

Natural asphalt in clay ... ... locP 

Lava ,.. .•. ••« .11 From one of the Colonial possessions. 
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ScHOMBUBGH, R. — Papcifi read before the Philosophical Society and the Chamber of Mana- 

factures, (1873), 8to., Adelaide. 

Y. Ball, EIsq. 
Titles of Books. Donors. 

Skebtchlt, 8. B. J.— Physical Geography, (1873), 8vo., London. 

The British Section at the Vienna Universal Exhibition, 1873 : Official Catalogue, with plans 

and illustrations, (1878), 8vo., London. V. Ball, Esq. 

Thomson, C. W.— Tlic depths of the Sea, (1873), 8vo., London. 

PERIODICALS. 

American Journal of Science and Arts, 3rd Series, Vol. VI, Nos. 36—37, (1873-74), 8vo., 

New Haven. 

Anuales des Mines, 7th Series, Vol. IV, livr. 4-6, (1873), 8vo., Paris. 

L'AdMINSTB. DBS MiKBS. 

Annals and Magazine of Natural Histoiy, 4th Series, Vol. XII, Nos. 72—74, (1873-74), 

8vo., London. 

Archiv fur Naturgeschichte. Jabg. XXXVII, heft 6, (1871). 8vo., Berlin. 

Cosmos, Nos. 6—6, (1874), 8vo., Torino. Guido Cob a, Esq. 

Geographische Mittheilungen, Bd. XIX, Nos. 11—12, and XX, 1—2, (1873-74), 4to.. Gotha. 
Geological Magazine, Vol. X, No. 12, New Series, Decade II, Vol. I, Nos. 1—2, (1873-74), 

8vo., London. 
Indian Economist, with Agricultural Gazette and Statistical Reporter, .Vol. V, Nos. 3 &, 6 — 7, 

(1873-74), 4to., Calcutta. Goybbkhbnt op India. 

Lehrbuch der Goologie und Petrcfacteukunde, Band II, Hef 4^ (187S)i 8vo., Braunschweig. 
London, Edinburgh, and Doblin Philosophical Magaaine and Jouf nal of Science, 4th Series, 

Vol. XLVI, Nos. 308—310, (1873-74), 8vo., London. 
Nature, Vol. IX. Nos. 216—227, (1873-74), 4to., London. 
Neues Jaln*b«ch ftir Mineralogie. Geologic, und Palssontologie, Jabg., 1873» heft 8—9, 

(1873). 8vo.. Stuttgart. 
Ocean Highways, Vol. II, Nos, 8, 11 & 12, New Series, Vol. I, Nos. 1—11, (1872-74), 

8vo., London. 
Professional Papers on Indian Engineering. 2nd Seriea^ Vol. Ill, No. 11, (1874), 870., 

Roorkee. Thokason Col^bob of Civil Ekginebbino. 

Quarterly Joarnal of Microscopical Science, New Series, Vol. XIV, No. 63, (1874), Sro., 

London. 
,. of Science, No. XLI, (1874), 8vo., London. 

Beports of the Mining Surveyors and Registrars for the quarter ending 30th September 

1873. (1878), flsc, Melboame. 

MlHIlfa DbPT., VlCTOBIA. 

. GOVERNMENT SELECTIONS, Ac. 

Bengal. — Report on the Administration of Bengal, 1872-73, with map, (1873), 8vo., 

Calcutta. 

GOVBBNMBNT OF BbNGAL. 

Bombay. — Selections from the Records of the Government of Bombay, Ne. 135, New 

Series. CoiTespondcnce regarding city surveys in (iujarat, 
(1873), 8to., Bombay. 

GOVEBNMBKT OF BOHBAT. 
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Titles ^f Books. Donors, 

Bbitish Burma.— Annual Report on tbe Civil Dispensaries in British Burma for 1873» 

(1874), 8to., Rangoon. 

Chibf Cohmissionbb, Bbitish Bvbma. 

„ Report on the Ekcise Department in British Bnrma for 1872-73, (1874), 

8vo., Rangoon. 

Ditto. 

„ Report on the Prison Administration of British Burma for 1872, (1874), 

8vo., Rangoon. 

Ditto. 

„ Report on the Revenue Administration of British Burma for 1872-73, 

(1873), 8vo., Rangoon. 

Ditto. 

CsNTBAL Pbotincbs. — Central Provinces Censns, 1872 (1873), 4to., Nagpur. 

Chibf Cokhissionbb, CbittIial Pbovikcbs. 

India. — ^Extracts from the Reports of the Trigonometrical, Topographical, and Revenue 

Surveys of India for 1671-72 (1873), 8vo., Calcutta. 

Dbpt. Rbt., Aobic. and Commbbcb. 

„ General Report of the Revenue Survey operations of the Upper and Lower Circles 

for season 1872-73 (1874), fisc., Calcutta. 

Thb Svbyst* 

„ List of Civil Ofiiaers holding jetted appointments under the Government of' 

India in the Home, Legislative, and Foreign Departments as it 
stood on 1st January 1874, (1874)» 8vo., Cidoatt*. 

Goybbnmbnt of India. 

„ List of Ofificers in the Survey and Forest Departments on the 1st Octoher 1873, 

(1874), flsc., Calcutta. 

Dbft. RlY., Agbic. and Comhbbcb. 
» 
„ Selections from the Records of the Government of India, Foreign Department, 

No. 107. Report On the Political Administration of the Raj- 

putana States, 1872-73, (1873), 8vo., Calcutta. 

GOVBBNKBNT OF InDIA. 

„ Selections from the RecQrds of the Grovernmrat of India, Foreign Department, 

No. 109. Annual Administration Report of the Munnipoor 
Agency for the year ending 30th June 1873, (1874), Bro.^ 
Calcutta. 

Ditto. 

„ Selections from the Records of the Government of India, Foreign Department, 

No. 110. Report on the Political Administaration of the Territories 
comprised within the Central India Agency for 1872-73, (1874X 
8vo., Calcutta. 

Ditto. 

Walkbb, Col. J. T. — General Report on the operations of the Great Trigo* 

nometrical Survey of India during 1872-73, (1873), flsc, Dehra 
Doon, 

Thb Subybt. 
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Titles qf Books. Donors. 

N. W. PBoviircBS.— Census of the North- Western Provinces, 1872, Vol. I, General Beport, 

Vol. Ill, Sex Statistxcs, (1878), flso., AUahabad. 

Govt, of N. W. Pbovincss. 
„ Report on the Administration of the North-Weatem Provinces for 

1872-78, (1874), 8vo., Allahabad. 

Ditto. 

Punjab.— Report on the Administration of the Punjab and its Dependencies for 1872-73 

(1873), 8vo., Lahore. 

PUKJAB GoVBBNMBirT. 

TRANSACTIONS OF SOCIETIES, <S^c. 

Amstbbdah. — Jaarboek van het Mijnwezen in Nederlandsch Ooet — ^Indid, Jahrg. II, Dee! I 

(1873), 8yo., Amsterdam. Rotal Socibtv of Batavia. 

Batavxa.— Notolen Tan de alg. Best-Yerg. van het Bataviaasch Genootschap., Vol. X 

Nos. 1—3, (1872), 8vo., Batavia. Ditto. 

„ Tijdsohrift voor indisohe Taal-Land-en Yolkenkunde, Ser. 6, Vol I, afl. 6 — 6, 

(1868-72), 8vo, Batavia. Ditto. 

I, Yerhandelingen van het Bataviaaaoh Genootschap, Deel XXXYI, (1872), 8vo., 

Batavia. Ditto. 

Bbbliv. — Monatsbericht der kouig. Prenss. Akademie der T^^ssenschaften zu Berlin, Sep- 
tember to December, (1873), 8vo., Berlin. 

Rotal Acad, of Bbblxk. 
Bbbuk.— Teitsohrift der Dentschen (^eologisohen Gesellschaft, Band XIY, heft 4 and Band 

XY, heft 1—2, (1872-73), 8vo., Berlin. 

Thb Socibtt. 
Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Yol. XLII, pt I, No. 4^ 

(1873), 8vo., Calcutta. 

Thb Socibtt. 

„ Proceedings of the Asiatic Society of Bengal, No. X, December 1873, and No. 1» 

January 1874, (1874), 8vo., Calcutta. 

Ditto. 
„ Records of the Geological Survey of India, Yol. YII, pi I, (1874), 8vo.« 

Calcutta. 

Thb Subvbt. 

CoPBKHAGBN.— Memoires de TAoademie Royale de Copenhagen, 5th Series, YoL IX, Nos. 8-*9, 

X, Nos. 1—2, (1872-73), 4to., Copenhagen. 

Thb Acadbxt. 
„ Oversigt over det K. d. videnskabemos Selskabs, No. 2, (1872), 8vo., 

Copenhagen. 

Ditto. 

DiJOK.— M^moiresderAcad^mielmp^rialede Dijon, 2nd Series, Yol. XIY— XYI, (1866-70), 

8vo., Dijon. 

Thb Agadbxy. 
DBBSDBxr. — Sitzungsberichte der Naturwissenschaftlichon Gesellschaft Isis in Dresden, 

Jahg. 1872, Nob. 10—12, and 1873, Nos. 1—3, (1873), 8vo., 

Dresden. 

Thb Ibis Socibtt. 
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Tiiles qf Books. DonoTB. 

Edihbuboh.— TranaactioM of the Bqyal Scottiflh Society- of Arts, Vol. VIII, pte. 3— 4» 

(1871-73), 8vo., Edinbuigh. 

The Socibtt. 

Flobrkcb.— Bollettino R Comitato Geologico dltalia, Nos. 11—12, (1873), 8vo., Florence. 

GXOLOOICAL COKMISSIOK OF ItALY. 

Glasgow.— TransactioM of the Geological Society of Glasgow, Vol. IV, pt. 2, (1873), 8vo., 

Glasgow. 

Thb Socibtt. 

„ TransactioiiB of the Geolc^cal Society of Glasgow, Pal. Series, pt. 1, 4to., 

Glasgow. 

Ditto. 

Lausakkb.— Bulletin de la Sod^t^ Vaudoise des Sciences Katurelles, 2nd Series, Vol. XII, 

No. 69, (1873), 8yo., Lausanne. 

Thb Socibtt. 

London.— British Musenm— Catalogoe of the specimens of the Hemiptera, Heteroptera, in 

the collection of the British Maseum. Part VII, (1873), 8vo.» 
London. 

Bbitish Musbuh. 

Journal of the Royal Geographical Society, VoL XLII, (1872), 8vo., London. 

Thb Socibtt. 

Proceedings of the Boyal Geographical Society, Vol. XVII, Nos. 2—6, (1873), 

8to., London. 

Dnro. 

Philosophical Transactions of the Royal Society of London, Vol. 162, pt. 2, with 

List of Fellows for 1872, (1872), 4to., London. 

Thb Socibtt. 

Proceedings of the Royal Society of London, VoL XXI, Nos. 144—147, (1873), 

8yo., London. 

ROTAL Socibtt. 

Quarterly Journal of the Geological Society, Vol. XXIX, pts. 3 — 4, Nos. 116—116, 

with List of Fellows for 1873, (1873), 8vo., London. 

Thb Socibtt. 

Rat Socibtt— Lubbock, Sib John.— Monograph of the Collembok and Thysa- 

nura, (1873), 8vo., London. 

Rat Socibtt. 

Report of the British Association for the advancement of Science held at Edin- 
burgh and DuhUn, 1871 and 1872, (1872-73), 8vo., London. 

Moscow.— Bulletin de la Soci^t^ Imperiale des Naturalists de Moscow, Annee, 1872, No. 4^ 

and 1878, No. 1, (1878), 8vo., Moscow. 

Thb Socibtt. 

Nbuchatbl.— Bulletin de la Soci^t^ des Sciences Naturelles de Neuchatel, Tome IX, pt. 2, 

(1878).8vo..NenohateL Thb Societt. 

Nbw Zbaiand.— Catalogue of the Land Mollusca of New Zeaknd, (1873), 8vo., New 

Zealand. 

Gbolooical Subybt 07 Nbw Zbaland. 

Mabtbns B. ton.— Critical List of the Mollusca of New Zealand, (1873), 

8vo., New Zealand. ^ 

Ditto. 
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Titles of Books, Donors. 

Pest.— A Magjar Kiralji Foldtftnfintezet Evkdnyvo, Vols. I-^II, pti. 1^2, (1871-72), 

8vo., Pest 

RoTAL Geological Institute, Hunoabt. 

,y Mitihailiingen aua dem Jahrbache der Icon ungar GeologischeD Anstalt, Band I, heft 

1—2, Band U, USt 1, (1872), 8to., Pwt. 

Ditto. 

Philadelphia. — Journal of the Franklin Institute, 3rd Series, Vol. LXV, Nos. 6—6, and 

LXVI, Nos. 1—4, (187S), 8vo., Philadelphia. 

The Institutb. 



,, Proceedings of the Academy of Natural Sciences of Philadelphia, Parts 

I— III, (1872), 8vo., Philadelphia. 

The Academy. 

Poet-o»-Spain. — ProoeedingB of the t^cientific Association of Trinidad, ToL II, No. 1, 

(1872), 8ro., Port-of-Spaln. 
St. Petebsbueg. — Bulletin de TAcad. Imp. des Sciences de St. Petersburg, Vol. XVII, 

Nos. 4^6, and Vol. XVIII, Nos. 1—2, (1872), 4to., 

St. Potersborg. 

The Acadekt. 

„ Memoires de I'Acad. Imp. des Sciences de St. Petersburg, Series 7th„ 

Vol. XVIII. Nos. 8—10 and Vol. XIX, Nos. 1—7, (1872-73), 
4ito., St. Petersburg. 

Ditto. 

TuEiK.— Atti della R. Academia delle Scienze di Torino, Vol. VIII, Nos. 1 — 6, (1872-73), 

8vo., Torinso. 

The Acadskt. 

VilKKA. — ^Abhandlungen der kais. konig. Qeologiscben Reichsanstalt, Band IV and V, 

Nos. 4-6, (1870-73), 8vo., Vienna. 

The Institute. 

„ Jahrbuch der kais. konig. Geologischen Reichsanstalt, Band XVII, No. 4, XVIII, 

Nos. 1—2, and XXIH, Nos. 1—2, (1867-73), 8to., Vienna, 

Ditto. 

„ VerhandluDgen der kais. konig. Geologischen Beichsanstalt, 1867, 1868, and 1873, 

Nob. 1—10, (1867-73), 8vo., Vienna. 
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GlOLOOICAL OBSXBTATIONS MADS ON A VISIT TO THB ChaDBREUL, ThIAN ShaH BANGS, 

hy Db. F. Stoliczka, Naiwralist attached to the Tarkand Smbaesy. 

After a stay of nearly « month in our embassy quarters at Tangishar, near Kashgar, 
the diplomacy of onr envoy secured us the Amir's permission for a trip to the Chaderknl, a 
lake situated dote on the Bussian frontier, about 112 miles north by west of Kashgar, 
among the aouthem branches of the Thian Shan range. Under the leadership of Colonel 
GordoAf we — Captain Trotter and myself— left Yangishar about noon on the last day of 
1873, reoeiying the greeting of the new year in one of the villages of the Artuah vaJley, 
aome 25 miles north-west from our last quarters. On the Ist of January 1874 we marched 
up the Toyan river for about 20 nules to a small encampment of the ^rghiz, called Chung- 
terek; and following the Toyan, and passing the forts Murza-terek and Chakm&k, we 
camped on the fifth day at Tumg-at-bela, about 11 miles south of the Turug pass, beyond 
which, five miles further on, lies the Chaderkul. On the sixth we visited the lake, and on 
the day following retraced our steps, by the same route we came, towards Kashgar, which 
we reached on the 11th January. 

Having had a shooting day at Tumg-at-bela, and one day's halt with the Ejng's ob* 
li^ng officers at the Chakmtfc fort, we were aotoally only nine days on the march, during 
which we accomplished a distance of about 224 miles. It will be readily understood, that 
while thus marching, there was not much time to search for favorable sections in out-of-the 
way places ; but merely to note what was at hand on the road. I can, therefore, only intro- 
duce my geological observationB as passing remarks. 

Leaving the extensive loss-deposits of the valley of the Sjishgar Dana, the plain rises very 
gradually towards a low ridge, of which I shall speak as the Artush range. It is remarkably 
uniform in its elevation, averaging about 400 f eet^ somewhat increasing in height towards the 
west and diminishing towards the east, which direction is its general strike. This range 
separates the Kashgar plain from the valley of the Artush river, which cuts through the 
ridge about eight miles nearly due north of the dty. Viewed f^rom this, the entire ridge 
appears very regularly fbrrowed and weather-worn on its slope, indicating the softness of l^e 
material of which it is composed. One would have, however, hardly fimcied, that it merely 
consists of bedded clay and sand, mostly yellowish white, occasionally reddish, and some- 
iames with interstratified layers of greater consistency, hardened by a calcareous or silidous 
cement. On the left bank, in the passage of the river through the ridge, the beds appear in 
dome-shape, gently dipping towards the Kashgar plain on one side, and with a considerably 
higher angle into the Artush valley on the other. On the right bank at the gap all the 
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exposed beds dip southward* those on the reyerse of the anticlinal having been washed away 
bj the Artosh river np to the longitudinal axis, and thus exposing almost vertical faces. 
These remarkably homogeneous, clayey and sandy beds may appropriately be called Artush 
beds, and although I could nowhere find a trace of a fossil in them, it seems to me veiy pro- 
bable that they are of marine origin and of neogene age. 

The southern slopes of the ridge are on their basal half entirely covered with gravd» 
which in places even extends to the top, assuming here a thickness of from 10 to 15 feet. 
Locally the gravel beds are separated from the main range by a shallow depression, forming 
a low ridge which runs along the base of the higher one, and from which it is, even in the 
distance, clearly discernible by its dark tint. The pebbles in the gravel are mostly of small 
size and well river-wnm ; they are derived to a very large extent from grey or greenish 
sandstones and shales, black or white limestone, more rarely of trap, basalt, and of gneiss. 
With the exception of the last-named rock, all the others had been met with in situ in the 
upper Toyan valley. The pieces of gndss helong to a group of metamorphic rock which is 
usually called Protogine. It is mainly composed of quartz and white or reddish orthoclasep 
with a comparatively small proportion of a green chloritic substance. The white felspar 
variety generally contains as an accessory mineral schorl, in short, rather thick, crystals. 
I shall subsequently allude to the probable source from which the protogine pebbles might 
have been derived. 

From Artush we marched, as already stated, northwards, up the Toyan river, and for 
the next 22 miles one was surprised to find nothing but the same Artush — and gravel — 
deposits, the former constantly dipping at a high angle to north by west, and the latter rest- 
ing on them in slighiiy inclined or horizontal strata ; while among the recent river deposits 
in the bed of the valley itself the order of things appeared reversed. The gravels, having 
first yielded to denudation, were here underlying the clays derived from the Artush beds, 
thus preparing an arable ground for the agriculturist, whenever a favorable opportunity 
offered itself. A few mUes south of Chungterek the laminated Artush beds entirely dis- 
appeared under the gravel, which from its greater consistency assumed here the form of a 
rather tough, coarse conglomerate. In the bend of the river the latter have a thickness of 
fully 200 feet, and are eroded by lateral rivulets into remarkably regular Gothic pillars 
and turrets. It is rare to meet with a more perfect imitation of nature by human art. 
The general surface of the gravel deposits is comparatively low, from 400 to 600 feet above 
the level of the river, and much denuded and intersected by minor streams and old water- 
courses. 

At a couple of miles north of Chungterek the Eoktan range begins with rather abrupt 
limestone clifis, rising to about 3,000 feet above the level of the Toyan. Nearly in the mid- 
dle of it are situated the forts Murzaterek and Chakmik, some ten miles distant firom each 
other. The southern portion of this range consbts at its base of undulating layers of 
greenish or purplish shales, overlain by dark coloured, mosUy black, limestone in thick and 
thin strata, the latter being generally earthy. The limestone occupies all the higher elevations, 
and, as is generally the case, greatiy adds to the ru^edness of the mountains. About five 
miles north of Chungterek, I found in a thick bed of limestone an abundance of Magalodtts 
iriqueter, a large Pinna, a Spkiferina of the type of 8, 8trcu:heyi, blocks full of Liika^ 
dendron corals, and numerous sections of various %iDB!iX' Gastropods, Thinner layers of the 
same limestone were full of fragments of crinoid stems, and of a branching Ceriopora, the 
rock itself bearing a strong resemblance to the typical St. Cassian beds. In this place the 
shales, underlying the limestone, were partly interstratified with it, in layers of from 5 to 
10 feet ; and from this fact it seems to me probable that they also are of triassic age, re- 
presenting a lower series of the 8ame formation. 
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Pktxseeding in a north-westerly direction, the Ife^a^^^K^-limestones are last seen near 
Mnrzateiek. From this place the greenish shales continae for a few miles farther on, much 
distorbed and contorted; and at last disappear under a yariety of dark ooloored shales,, 
slates, and sandstones, with occasional interstratified layers of black, earthy limestone. The 
strike of the beds is from east by north to west by south, and the dip either very high to 
norih or yertioal. At Chakm4k the river has cut a yeiy narrow passage through these 
almost yertkal strata, which rise precipitouflly to about 3,000 feet, and to the soutii of the 
fort appear to be oyerlain by a lighter coloured rock. It is yery difficult to say what 
the age of these slaty beds may be, as they seem entirely unfossiliferouB, and we can at pre- 
sent only regard them as representing, in all probability, one of the paleozoic formations. 

About fiye miles north-west of Chakmak a sensible decrease in the height of the range 
takes place, and with it a change in the geological formation. The pakeozoic beds, although 
still crossing the yalley in almost yertical strata, become very much contorted ; while, uncon* 
formably on them, rest reddish and white sandstones and conglomerate, regularly bedded, 
and dipping to north-west with a steady slope of about 40 d^rees. The rocks, though 
eyidently belonging to a comparatively recent (kainozoic) epoch, appear to be much altered 
by heat, some layers haying been changed into a coarse grit, in which the cement has almost 
entirely disappeared. I have not^ however, observed any kind of organic remains in them. 
A little distance further on they several times alternate with successive, conformably bedded, 
doleritic trap. The rock is either hard and compact, being an intimate, rather fine grained 
mixture of febpar and augite in small thin crystals, or it decomposes into masses of yarious 
greenish and purplish hues, like some of the basic greenstones. 

After leaving the junction of the Suyok and Toyan (or Chakm&k) riyers, and turn- 
ing northwards into the yalley of the latter, the panorama is really magnificent. Shades 
of white, red, purple and black compete with each other in distinctness and brilliancy, until 
the whole series of formations appears in the distance capped by a dark bedded rock. 

Although, judging from the greater frequency of basaltic boulders, we already knew 
that this rock must be found fiirther north, we hardly realised the pleasant sight which 
awaited us on the march of the 4th Januaiy, after haying left our camp at Kulja, or 
Bokum-bashi. The doleritic beds increased step by step in thickness, and after a few miles 
we passed through what appears to be the centre of an extensiye yolcanic eruption. Along the 
banks of the riyer columnar and massiye basalt was noticed seyeral times, with occasional small 
heaps of slags and scorise, among a few outcrops of yery much altered and disturbed strata of 
red or white sandstone, thus adding to the remarkable contrast of the scene. In front of us, 
and to the right, stretched in a semicircle a regular old Somma; the almost perpendicular 
walls rising to about 1,600 feet aboye tlie riyer, and dearly exposing the stratification of the 
basaltic flows, which were successively dipping to north-east, east, and south-east. On our 
left, as well as in an almost due western direction, portions of a similar Somma were visible 
aboye thiTsedimentary rocks, ail dipping in the opposite vray from those ahead of us. The cone 
itself has in reality entirely disappeared by subsidence, and the cayity was fiUed with the rub- 
bish of the neighbouring rocks. 

Passing further north we crossed a comparatiyely low oountiy, studded with small rounded 
hills and intercepted by short ridges with easy slopes ; the ayerage height was between 12,000 
and 13,000 feet. This undulating high plateau proved to be one of tiie head-quarters of the 
Xulja {Ovis Polit), chiefly on account of the yeiy rich grass yegetation which ensts here. 
For .this the character of the soil fully accounts. The entire ground was shown to consist 
of limestone grayel and pebbles of rather easily decomposing rocks, mixed with the ashes 
and detritus, eyidently derived from the proximity of the yolcanic eruption. Only rarely 
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was an isolated basaliio dyke seen, or ihe teiiiaiy sandstone cropping ont fimn onder the more 
leoent d^oeita. 

Viewing the ooontiy finom an elevated position near oar oamp at Torog-at-bela, the 
conglomerate and giavel beds, well dad with grass yegetation, were seen to stretch &r away 
eastwards, and in a north-easterly direction across the Torog pass ; while on tiie south they 
were bounded by a continnation of the somewhat higher basaltic hills. Towards the west 
I traced them for about seren miles, across a low pass at which a tributary of the Tcyaa 
rises in two branches; while on the other side two similar streams flow west by soirih to join 
the Soyok river. To the north the proximity of a rather preoipitoasly rinng range shut the 
rest of the world oat of view. For this ridge the name Terek-tagh of Homboldt's map may 
be retained; its ayerage hoght ranges between abont 16,000 and 17,000 feet In its Western 
extennon it runs almost doe east-west, composed at base of a toogh limestone conglomerate 
of younger tertiary origin, followed by white dolomitic limestone, and then by a soccession 
of slaty and dark limestone rocks, the former occasionally showing distinct signs of 
metamorphism, and changing into schist All the beds are nearly vertical or veiy highly 
inclined, dipping to north by west, the older apparently resting on the yoonger ones. 
North of Torog-at-bela the range makes a sudden bend in an almost northerly direction, 
and continues to the Chaderkul, where it forms the southern boundary of the h^-plateau. 
By this time the white dolomitic, and afterwards the slaty beds, had entirely disappeared, 
and with them the height has also diminished. A comparatively low and narrow branch of 
the range which we visited consists here entirely of dark limestone, which in single frag- 
ments is not distinguishable from the Trias limestone of the Koktan mountains, but here 
it does not contain any fossils. The ridge itself, after a short stretch in anorth-easi- 
by-north direction, gradually disappears under the much younger conglomeratio beds. 

Across the Ghaderkul plain the true Thian Shan range was visible, a regular forest of 
peaks seemingly of moderate and tolerably uniform elevation. The rocks all exhibited dark 
tints, but most of them, as well as the hills to the west of the Chaderkul, near the souroes 
of the Arpa, were clad in snow. The lake itself was froien, and the surrounding plain 
covered with a white sheet of saline efflorescence. 

Brirfshetck uf ike geohgieal kisioiy qf the kill ranges iraversed. — In order that the 
preceding remarks may be more easily understood, I add a few words regarding the changes 
which appear to have taken place at the close of the kainozoic epoch within the southern 
o£bhoots of the Thian Shan which we visited. 

Short as our sojourn in the mountains was, it proved to be very interesting and equally 
instructive. Humboldt's account of the volcanidtj of the Thian Shan, diiefly taken from 
Chinese sources, receives great support; but we must not speculate further beyond confiding 
in the expectation that both meso- and kaino>«>io rocks wiU be found amply represented 
in it. 

As &r as our present researches in the physical aspect of the country extend, we may 
speak of three geologically different ranges: the Threh range, which is the northernmost, 
the Kohian in the middle, followed by the Arituk range, below which begins the Kashgar 
plain* AU three decreaae in the same order in their absolute hdght, the last very much 
more so than the middle one. The first consists of old sedimentary rooks, the second of 
similar rooks in its southern parts, while younger tertiary and basaftio rodcs occiqiy the 
northern portions, the third le entirely composed of young tertiary deporits. The general 
direction of all the ranges is from west to east, or nearly so ; this direction eridently dating 
from the time when the whole of the Thian Shan chain was elevated. The undulating high 
plateau between the Terek an4 the Eoktan is, near Turog-at-bela, aboat eight miles wide, the 
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dtBtanoe between the two ranges diminishing westward, while in the opponte direction it 
most soon more than double. Judging from the arrangement of the pebbles, which, as 
already noticed, are half dariTod from limestone, the direction of the old drainage must have 
been from west to east, and must haye formed the headwaters of the Aksai river, which on 
the maps is recorded as rising a short distance east of the Chaderknl. Similarly, the gravel 
TaU^ between the Koktan and Artush ranges indicates a west to east drainage, and its width 
appears to have approximately averaged 20 miles. About three miles north of Ohungterek 
a secondary old valley exists, also extending from west to east, and is diametrically cut 
across by the Toyan river. In this valley, which was formerly tributary to the one lying 
more southward, the gravel beds accumulated to a thickness of fuUy 100 feet As the 
Artush range did not ofEer a sufficiently high barrier, masses of the gravel passed locally 
over it or through its gaps into the Eashgar plain, which itself at that time formed a third 
large broad valley. 

Thus, at the dose of the volcanic eruptions in the hiUs north of Chakm&k, we find 
three river syatems all flowing eastward, and made more or less independent of each other 
by mountain ranges, about which it would, however, not be fair to theorize (in the present 
state of our knowledge) on the causes of their assumed relative position. It must have been 
at that time that the pebbles of protogine were brought down from some portion of the hills 
lying to the west ; and it would be interesting to ascertain whether or not this rock is any. 
where in that direction to be met with in ntm* When the turbulent times of Vulcan's leign 
became exhausted and tranquilliiy was restored, the whole country south of the axis of the 
Thian Shan must have greatly subsided, and the wider the valleys have been, the more 
effectively was the extent of subsidence felt. To support this idea by an observation, I may 
notice that north of Ohungterek, at the base of the Koktan range, the Artush beds have entirely 
disappeared in the depth, and the gravel beds overlaying them dip partially under the 
Trias limestone, a state of things which cannot be explained by denudation, but only by 
subsidence and consequent overturning of the older beds above the younger ones. A similar 
state of things is to be observed on the Terek range, where the young tertiary limestone 
oonglomerate is in some places of contact overlain by the much older dolomite. Now, if the 
broad valley of the Eashgar plain sank first, and gradually lowest, as it in all probability 
did, we find a more ready explanation of the large quantities of loose gravel pouring into 
it and accumulating at the base of the Artush range. 

The sinking in of the volcanic centre north-west of Chakm&k first appears to have 
drained off the former head of the Aksai river, making it the head of the Toyan instead ; 
and to the north of the Terek ridge it was most probably the cause of the origin of the 
Chaderknl. The subsidence of the country followed in the south, making it possible for the 
united Sigrok and Toyan rivers to force their passage right across the Koktan range, 
strengthen the Artush river, out with &oility through the Artush range, and jcnn the Eashgar- 
daria. While thus indicating the course of the comparatively recent geological history of 
the gTOUdd, it must be, however, kept in mind, that this change in the system of drainage 
had no essential efEeot upon the direction of the hill ranges. This, dating from much older 
times, was mainly an east- westerly one, follovring the strike of the rooks which compose the 
whole mountain systenu 
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NoTS.—Since the foregoing paper was in type, the cahumtoos news of Dr. StoUczka's 
death has been received. This opportunity is therefore taken of publishing a few hist 
geological notes communicated in a private letter. The following is from a letter dated Kila 
Paig, Wakhan, 14th April 1874 :— 

*' We crossed from Yangihissar to Sirikul in ten days ; and after two days' halt at 
that place, crossed Pamir Khurd in twelve days. The last few marches on this side 
were about the worst we had. The road is very bad, and the daily snow-storms so heavy, 
that on one day we were not able to make more than five miles. Wakhan itself is a 
miserably poor country ; and it is a question whether we shall be able to g^t enough supplies 
to take us back, if we do not get something sent up from Fyzabad. Our ponies will require 
at least twelve days to recover from the fatigue they had on the little Pamir. YHiether bj 
that time the road by Pamir Kalan will be open is very questionable. 

" I ought to tell you something of the geology, but it is in very few words. There 
are no younger rocks the whole way than trias limestone. The Pamir Khurd proper is all 
gneiss and metamorphic schist. Do not imagine that the ' roof of the world ' is an elevated 
plain ; nay, it is a mere valley, well supplied with gneiss and boortsee, and from two to three 
miles in width. From the hills to the south, glaciers come down slmost into the valley ; 
while the hills on both sides were deeply clad in snow ; so much so, that for several miles not 
even a few square feet of bare rock was visible. If we go back by the Pamir, I shall try to 
make a halt of two days before reaching Sirikul, and examine the tiiassic limestone. The 
old slates give no hope of yielding any trilobites." — Epitob. 



Ok the fobmeb extension of Glacibbs within thb Kangba Distbict, 

by W. Theobald, Geological Survey of India. 

The subject of the former extension of glaciers along the southern slopes of the 

Himalayan chain to far greater distances than they now 
Prelimin&nr remarks. , . • i.. ^ i? x r -x— x • t * 

reach to, might at first seem ox necessity to mvoive, for 
the due treatment of so comprehensive a question, the examination of a far wider area than 
I am about to review in my present remarks, and this to a certain extent is true, for 
the phenomena in question undoubtedly form but a portion of a very grand and widely spread 
display of glacial conditions extended over an area which,* from the insufiBoiency of our 
data, it were at present premature even to endeavour in the most general way to indicate by 
limits ; nevertheless, as it is hardly possible for the more enduring results of long continued 
glacial conditions to be better studied or more characteristicly displayed than in the K4ngra 
district, and as the subject, moreover, is one which has been rather neglected by previous 
writers, I conceive that a few remarks thereon, even confining myself to the limited area 
indicated, will not be altogether without interest and value as a basis whence future obser- 
vations may be extended both in an eastern and western direction. 

Moraines, the most striking no less than the most enduring of the products of gladation, 
form so conspicuous a feature of the surface of so large a portion of the K&ngra district, 
that the attention of the least observant traveller is rivetted by them, and I had hardly set 
foot in the district before I was questioned as to the origin of those trains of loose stones 
so common near the hills, and whose general aspect was so different from the ordinary accu- 
mulations of debris usually swept down by streams in such situations, and the magnitude of 
BO many of the boulders in question rendering it obviously difficult to refer their transport 
to the agency of hill streams and suggesting rather the intervention of some mysterious or 
cataclysm al debacle. 
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Mr. H. 6. Medlioott^ in his paper on Himalayan Geology dated January 1864 iu 
MedUeott in Mfw fa% qi»iiift gV fftf VoL III of the Memoirs of the Geological Survey of India, 
^^arej. page 255^ ^^as the first to draw attention to the presence of 

' erratic' blocks along the " base of the Dh&oladh4r " and to record their occurrence in this 
r^on " at so inconsiderable an elevation as 3,000 feet," but no attempt is made to define the 
precise limits within which these erratics occur, or to map their course. In fixing their lowest 
limit too at 3,000 feet, Mr. Medlicott has somewhat erred on what may be termed the safe 
8ide» since the fort of Kangra, which is the midst of them, is no more than 2,419 feet above 
the sea, while 2,000 feet may in round numbers be taken as the mean elevation of the isother- 
mal line, coincident with the limits of the terminal moraines. The statement^ too, that 
erratics first appear on the ** east about Haurb&gh " is likely to convey an erroneous impression 
as I shall hereafter show, once though undoubtedly there is a very sudden development^ as 
it were, of these ' erratics' firom Haurb&gh westwards, yet their absence eastwards &om this 
point, is due to denudational causes, and not to a sudden or local development of glacial 
phenomena continued along the flanks of the Dh&oladh&r range, west from Haurb&gh merely, 
but of this more in the sequel. 

Dr. Yerch^re, in his account of the Geology of Kashmir, the Western Himalaya, and 

Afghan Mountains, in the Journal of the Asiatic Society of 

^^^ erratic blocks north of the Salt Range, in Latitude SS^'N* 

and refers them to the agency of floating-ice ; but there does not seem anything in his des- 
cription incompatible with the idea of these blocks being the disintegrated remnants of old 
moraines, rather than due to the transporting powers of floating-ice ; and it is, I think, rather 
more probable than otherwise, that they will prove to be strictly connected with the erratics 
of K4ngra, and of cotemporaxy origin, during the glacial period to which my present obser- 
vations refer. Speculation on this point is, however, preimature, and must wait the result of 
observations over the intermediate area, which have yet to be recorded. 

The task of tracing out the course of the moraines which descending firom the Dh&ola- 
dh&r range pushed boldly across the K4ngra district, is rendered unusually easy from the great ' 
contrast which exists between the rock of which the great m^ority of erratic and moraine blocks 

OolistitiitKm of moninei. «^''""*^ *°^ *^® *^'*^ ^*y" *^^ sandstones whereon they 

lie. Near the boundary of the tertiary groups, the erratic 

blocks almost wholly consist of an easily recognised granitoidal gneiss, usuaUy highly 

porphyritic, forming the central mass of the Dhdoladhfir range, and which rock, only towards 

the eastern extremity of the district, assumes a distinctly schistose or fissile habit, which 

proclaims its relation to the gneissose or metamorphic group of rocks, rather than to an 

intrusive rock or granite proper. Ailer traversing, however, for some distance the area 

occupied by tertiary rocks, the moraines are found to consist, in addition to the gneiss of the 

Dh&oladh&r, of an ever increasing admixture of well rounded and water-worn boulders, from 

4 inches up to 9 feet or more in girth, of the harder schistose and silicious rocks, 

derived from the coarse boulder conglomerates constituting the uppermost beds of the 

K&hun, or miocene tertiary, group through which the old glaciers ploughed their way. In 

proportion, too, with the decrease in number of the Dh^ladh&r .erratics, compared with the 

other materials of the moraine« a diminution in size may be remarked, till eventually only 

an occasional small boulder, to be detected only here and there if carefully looked for, 

remains of the DhiUiladhar gneiss, to indicate by its tell-tale presence the former extension' 

of the glacier on which it had travelled so far ; and it can therefore be readily understood 

how, in some cases, the actual extent of a glacier may have been greater than that assigned 

to it, from the difficulty, in the absence of the familiar Db&oladh&r rock, of discriminating 

between materials properly belonging to an old moraine and the precisely similar materials 
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where ibe monune has either ceased or become wasted and enveloped in deposits due to 
atmospheric and fluvial agency as opposed to gla<dal,lihe more so as the moraiiies themadTea 
have, since tiie period of their final arrest, been everywhere subjected to the energetic opera- 
tion of the former forces. The actual limits, however, within which it is doubtful if glaciers 

formerly extended or not, from the disintegration and 
Power of denudfttion to oblitento «. «.v i. i.i-.v'^Ai *xt*i. 

moraines legniftted bj oonditkmior rounding Off by subsequent atmospheric action of their ter« 

^*^^^ minal moraines, are extremely narrow ; but the vast power of 

denudation in particular places, and under ^vorable conditaons of surface, and the ability 
of tiie existing rivers to remove every trace of former moraines, is in many places well 
illustrated in the area under review. 

From general considerations there can be little or no doubt» that the valley of the Bifa 
afforded passage to a noble glacier, to a point at least as low down as NadlU>n« whieh would 
give a course of 120 miles in length from the snow-fields at the sources of the river; but 
the present main channel of the river has since that period been so deeply and sharply 
excavated that not a trace (or such at least as a cursory examination would enable one to 
detect) exists of a moraine, such as we know must have resulted from and marked the course 

of so extensive a glacier. At 8i:g&npdr the moraine of the 

SqiAopftr ttltder). XonSne 8uj4npdr glacier is seen pushed right across the present 

br«MAeaiutheBW.. ^^^^^ ^^ the Biis. at a much higher level than that of 

the present stream, which has made a clean and deep cut through it; yet, though the erratio 
blocks scattered round the Traveller's Bungalow at Sujinpur, and all over the truncated end 
of the moraine on the opposite side of the river, are of a large size, not a trace of one can 
be seen in the river bed beneath. This fact conclusively shows the power of the existing 
rivers (where from their narrowed channel, as at Siy'&npdr, their effective force is largely 
increased) to utterly remove all traces of such deposits as these old moraines even where they 
contain maswve boulders of 12 feet in girth and upwards ; or what is rather more likely 
than any actual transport of such blocks is, that when once fairly sucked into the waterway, 
they are pounded to peoes by the incessant impact against them of the hard siliciona 
boulders driven fordbly against them during floods. No one who has listened to the 
ceaseless thunder and muffled rattie of a swollen Himalayan stream can doubt the full power 
of such an agent to e&ct in time the above result 

Again, between Mandi and the bridge over the Bi&s, below that town, undoubted traces 

are met with of the old trunk moraine of the Bi&s valley. 
Trunk gladtr of BiiB, whero the present valley is rather open; but just above 

and for a long way below the bridge, the river gorge is swept perfeotiy clean, as with a 
besom, of all traces of a moraine, such as may be noticed a little higher up ; and this would 
seem to be generally the case where the valley narrows, or is unusually precipitous, either in 
the main channel of the Bi&s, or in the channels of its tributaries, the power of moraines to 
withstand the erosive action of rain and rivers depending far more on the physical character 
of the gorges they occupy, and the slopes whereon they repose, than on mther their bulk and 
dimensions or the magnitude and character of the materials of which they are composed. 

The 171 (Ool) river which enters the Bi&s above Mandi takes its rise in the continuation 

of that line of snowy peaks whence the gladers of the 

Vallej of the TIL K4ngra district descended, and no one who has examined 

the district, or has a tolerable map to consult, can entertain the shadow of a doubt that an 

enormous glacier must have once traversed the valley of 
Abwnoe on it of monlnes, due to ^^ j^\^ debouching into the Biis valley and uniting with 

no trace of any moraine could be detected in that portion of the Ul valley near Jatingri 



PART 3.} Theobald : Ancient Glaciers of tie Kdngra Lisirici. 89 

examined by me, and a perfectly adequate explanation of this circamstance is, I think 
afforded by the very steep character of the hill sides bounding the valley. The Ul valley 
is not only very straight, but remarkably steep, the sides in many places forming an angle 
of not less than 60,** so that any one who will reflect what sort of a slope in nature an angle 
of 60^ represents, will easily understand how impossible it would be for such incoherent 
materials, as moraines are made of, to effect a lodgment in such a situation, and resist for 
ages the combined effects of floods iu summer and avalanches or snow slips in spring, to 
sweep them en masse into the yawning gulph below. 

A reference to the accompanying map will give a dearer idea of the general course, 

arrangement and relations to each other of the glaciers 
tliS^^gladS**^'*'*"* ""* *°""*"" which formerly traversed ihe K6ngra district, than any 

mere verbal description ; but neither the scale of the map 
nor the time I wm enabled to devote to the subject suffice for any attempt at details as 
regards the various subordinate features and minor surface changes referable to the glacial 
period in question, though the sketch embraces all the essential points of the oase. 

Between Mandi on the east and Nurpur on the west (being the area to which my 
remarks are mainly confined) seven principal glaciers descended into the valley of the Bi^, 
which was then of course filled by a superb trunk glacier to which the above served as 
lateral feeders, and which taken in order from east to west may be thus described. 

1.— Thb Dailit Glacibb. 

The most easterly feeders of this glacier passed down through the village and thannah 
TheDaUnglader ®^ Haurb&gh in Mandi, and after being joined by several 

equally large or larger glaciers from either side of the 
vill^e of Dailu, the united glacier descended the narrow valley of the B&na river, which 
joins the Bi&si ten and half miles below Mandi The most westerly feeder of this glacier was 
formed by the bifurcation of a huge glacier, which descending nearly opposite the village 
of A\ju, there split into two streams, one of which descended the B&na valley, whilst 
the other assumed an opposite course, and formed the most easterly feeder of the next 
glacier. 

2.-*Ths BaijnXth Glacixb. 

This glacier was formed by the union of several large glaciers, which united below Baij- 

n&th and pursued a course down the valley of the Bimm 
river, which joins the Bias nearly midway between the 
mouth of the lUna above and the large town of Suj4npur below. The most easterly branch 
of this glacier has been noticed above, as coming from near the village of A\)n, whilst the 
most westerly branch was similarly formed by the bifurcation of a vast glacier, which pass- 
ing down a little to the east of the village of Banuri (Bnnooree) was split into two streams 
against the cuneiform mass of hills some three miles south of that rillage. 

3.— The Banubi (Bunoobee) Glacibb. 

This glacier is the smallest, as far as the area covered by it, of any under notice, and 
Th« Hut vi i><rf might be regarded almost as a satellite of the next, with 

which it was probably intimately connected, but as some of 
its moraines reach the Bids by a separate course it is enumerated with the rest. It consisted 
mainly of the westerly feeders of the glacier above described as bifurcating south of Banuri, 
with some obscurely defined contributories, still more to the west, and joined the Bias some 
few miles above Sujdnpur. 
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4.— The Suf Xhp^b Glacibb. 

This very large glacier was oompoeed of several parallel and inoecalaiing flireams, all 

nmning with a comparatively straight course past Barw&r- 
etM^anporg ^^ ^ ^^ ^.^ ^^ Sajduptir, the main stream having 

evidently descended along the course of the Neg&l river. 

6. — ^Thb Habip(^b Glacibb. 

This was the largest and most interesting glader under notice. The most easterly 

feeders of it passed close under Dh6r bungalow past 
' ^ * Puthi&r, and thenoe with a grand curve south of Nagroteh ; 

whilst the most westerly feeders descended close to B&ghsu cantonments. Between these 
limits a number of glaciers descended from the lofty Dh&oladhdr range, pierced the outer 
range of schistose rocks, and coalescing below K&ngra into one mighty stream ploughed their 
resistless way through the tortuous gorge of the Ban Ganga, past Hariptir, and through the 
village of Godeir (below which large erratics are soaroe) as far as the village of Ghnxi&l 
(Ghooryal) or perhaps even farther. 

6.— Thb Guj Glacibb. 

This glacier might be appropriately named after the village of Nagroteh, near which it 

debouches into the plains, but as there is a better known 

village of that name, mentioned above, east of E&ngra, it 

will obviate confusion if the name of the river down which it passed is substituted. The 

most easterly feeders* of this glacier descended a little west of BILghsu, the most westerly 

ones, a little west of Bihlu (Rihloo). 

7.— The JawAli (Juwalbe) Glacibb. 

This glacier, the most westerly one in the Eangra district, was composed of two main 

branches, one from the east, flowing under Tiloknath, whilst 
the other passed down close under EoUeh, below which 
place the two united, flowing from nearly opposite directions, and together passed down the 
goi^e of the Darh river, debouching into the plains at Jaw4li. Below Jaw&li the moraine 
of this glacier, mainly, perhaps, through the action of subsequent atmospheric forces, spreads 
out into a fan-shaped talus (and the same is more or less observable in the case of the Guj 
glacier also), so that its precise termination is not clearly marked, but it not improbably 
extended to the Bi&s either independently or after uniting with the last. 

In speaking of the glaciers enumerated above I have used the past tense, as I am un- 
certain if at the present day even so much as a permanent 

Exifltlog gUden of this region. . . - « ., xu u a au j i 

remnant remams of some of them ; though to the eastward , 

of the region they originate in, towards the head of the Ul valley, snow-fid^ds and glaciers 
are represented on the map. Whether or not shrunken remnants of any of them still remain 
pent within the deeper vallies among the peaks of the Dh4oladh4r range, is of little 
moment, since the precise course pursued by them is no less plainly marked by the Cyclopean 
trains of boulders they have left behind them, than if they were still present to our 
eyes on their original proportions. 

The moraines within the Kangra district present everywhere such similar features that 

a description of one of them will mutatis mutandis stand 
for all the rest, the difEerences between them being confined 
to their relative size, and the secondary characters impressed on them by atmospheric action, 
ind the extent to which they have been cut into and abraded by existing streams. Descend- 
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ing from the oeniral peaks of the Dhaoladh&r range, in the form of sinuous streams of 
boulders, rugged, angular, and massive, many of which attain over 60 feet in their greatest 
diameter, they traverse by narrow gorges the range of hills composed of schistose rocks, in- 
tervening between the DhAoladh&r range and the plains of the K4ngra district, on reaching 
which they expand, inosculating and coalescing in the open ground to such an extent as to 
cover the greater portion not occupied and defended against invasion by hills. In fact 
Former appearance of K&ngra dia- SO complete was the union of these glaciers that the whole 

of the area shown in the map to have been traversed by 
them must have presented the appearance of one huge ice-field, if we can rely on the 
evidence of the perfect mantle of moraine material which now covers the ground. 

The size of some of the gneiss blocks which have travelled well out into the plains is 
Si f eirati surprising, till the mind fully realises the quasi-onmipotent 

power of the agency involved in their transport. Near 
Busnnr south of Rihlu, I measured one block embedded in a field by the roadside, 125 feet 
in girth, and in this and other cases the present dimensions are probably much under the 
original size of the block, from the desquamation of the surface under the action of firost, 
sun, and rain, and in some situations by the friction of stones swept against them by 
streams. Ag£un, between B&ghsu and D&rh, four blocks in the immediate neighbourhood 
of the road measured in girth, respectively, 100, 125, 134, and 140 feet. Blocks of this size 
occur, of course, but seldom, but those from 70 to 100 feet somewhat more commonly, whilst 
blocks approaching 60 feet in girth are too numerous to reckon. So great is the abundance 
of the rocky fragments brought down by these glaciers, that the entire country just cg^tside 
the narrow schistose range, which skirts the district to the north, is so covered with them as 
to leave no other rock visible ; and but for the fact that none of these blocks can be seen in 
sUuy and for the section occasionally revealed in a deeply cut river bed, the casual traveller 
might very naturally consider the whole area he was traversing to be granite or gneiss. 

The process by which thb condition has been brought about is a very simple one, but at 

Fan-ahaped expaiuiion of glaciera t^« fl«^« *>«*« ^" striking proof of the magnitude of 
on quitting the hUla. the forces at work, and the duration of the period during 

which they were displayed. On quitting the narrow gorges in the hills wherein they had 
hitherto remained forcibly pent up between rocky walls, the gbciers at once expanded, partly 
through the natural tendency of a piled up mass, possessing the known plastic character of 
glacier ice, to spread out on a level surface, under the simple operation of gravity, and 
partly to the lateral displacement which later glacial accessions descending such gorges 
would receive from the accumulated moraines of earlier years, heaped up in their direct 
path, either during periodical meltings or during the secular retrocession, probably not a 
continuously uniform process, of the iBothermal line of the terminal moraines of the whole 
group of glaciers in question. Exception will doubtless be taken by some to the idea of 
expansion through plasticity having had. any appreciable influence in producing any lateral 
diversion of the moraine when they enter the plains, and I am prepared to admit the subor- 
dinate operation of this cause to the second one I have mentioned, but that it was a vera 
causa to a certain extent will, I think, be admitted, if due weight is g^ven to the probable 
dimensions vertically of the glaciers in question. If, as has been conclusively established, 
a shatloio glacier can quadruple its thickness when compressed between narrow limits, it 
cannot be theoretically denied the power of reassuming a shallower, that is, a more expanded 
form, when, on issuing from the hills, it becomes relieved from all pressure having a ten- 
dency to counteract the ordinary effects of gravity on a pkstic body, heavily weighted by 
the pressure of the enormous moraines supported by it, which can hardly be so insignificant 
as with time to produce no appreciable result. Thirty or 40 feet is no uncommon thick- 
ness for one of these Eaugra moraines, and I greatly doubt if in some cases a hundred feet 
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woald not be an under estimate. If then we make ailowaoce for the intenningled ice and 
snow, which must have cemented this prodigions mass together, we shall not greatly err if 
we calculate the pressure it mnst have exerted on the glacier, whereon it rested as equal to 
a stratum of solid granite of one-half that thickness, a force amply sufficient^ when applied 
to such a thick stratum of plastic* glader ice, as we must suppose to have been associated with 
such giant moraines, to have produced a very sensible lateral expansion of the ioe livec, 
initiative, if no more, of that expansion or lateral deviation, a tendency to which all the 
moraines, more or less, at present display on debouching from the hills. 

That later glaciers have thrust past earlier ones, and intersected their moraines, seems 

scarcely to admit of a doubt, thereby produdng an irregu- 
larity and confusion in the arrangment of the exiutios and 
materials of moraines spread over the country, at first suggestive of the less regular or 
sporadic agency of floating-ice rather than of glaciers, whose frequent inosculation has been 
the real cause of the irreguhirity in the network of resulting moraines. 

Along the course of the road from E&ngra to B&ghsu numerous illustrations of the 

conditions sketched above present themselves. Long lines 
''* of moraines are seen to stop abruptly and sink out of sight 

beneath the soil ; sometimes indicative of the arrest, either temp<miry or final, of the parent 
glacier, at others of the disruption and truncation of a moraine by a glacier of later date 
pursuing a nearly coincident course. Near Bogli, after passing the temple and tank of 
Gangabarabi, the road skirts a low ridge, with a well-marked moraine on the right — a long 
string of erratics, whose course is sharply defined ; but on turning the end of the ridge, and 
looking towards the village of Ich-hi, the country is seen freely overspread with blocks in 
which no regular order can be made out. 

The suggestion of Mr. Medlicott, as to the possible btervention of the agency of 

Floating.ioe-Do condosiTe evi- floating-ice, in distributing erratics in Kingra, here oc- 

^^'^ ^^ eurred to me, but I was eventually led to reject the idea, 

from the fact that, as far as my observation goes, these erratics never ascend beyond a 

certain relative height, which being no greater than that within which the traces of glaciers 

are found, goes far to disprove the intervention of any other agency for the distribution of 

the blocks in question. It is of oonrse obvious that floating-ioe and gladers oould not have 

cotemporaneously occurred over the same area, and the &ot thai no erratic blocks ars known 

in Kdngra, beyond the general limits attained by glaeiers as fixed by their continuous 

Disproof of itB formw existenoe in moraines, is hence almost conclusive disproof of the agency 

T^^*^V^ of floating-ice within the district. The erraUc blocks are 

so marked in character that they could scarcely escape detection, if they occurred beyond the 

limits above assigned to them, and this, for a negative argument, must be allowed unusual 

weight If then the above conclusion is correct, the more perfect and lineal moraines are 

the youngest, and (trivial atmospheric denudation apart) exhibit the precise appearance they 

did on the waning of the glacial conditions in which they originated, whilst the more 

scattered and dissociated blocks must be regarded as the fragmentary remnants of more 

ancient moraines, whose continuity has been long since destroyed by surface changes 

wrought by the altered course and direction of glaciers of a later period. 

* Prof. TyndAll yery yuMilj combats the ides of ice being regarded m a ' ylscoas* body, properl j ■O'^alled* 
md would teem to toooh the raot of the matter, by limiting thia eo-called viaeons qoalUy of iee to a 
capacity of yielding to /Ntimfv, not Unmon^ With this cardinal fact establiBhed, it is unfortonate that tha 
term ' plastic ' was not always used in place of * Tiscoas,* as the essential idea of adbeaiTeDess involved in the word 
'viscid' or 'yiscous,' in addition to the mere property of 'plasticity/ was not really necessary to the theories of 
hoee who naed the term. 
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All the K&ngra moraines have a very arched or 'hog-backed' outline, and are always 
B^Mxated by a more or lesa strongly marked valley or ravine from the hills round which 
they pass. In the case of the larger moraines, the resulting effect on the landscape is 
rather curious : hills viewed across one of these moraines have a peculiar sunken or ' hull- 
down' appearance, from the crest of the moraine intercepting all view of their base, as 
the marine horizon does of a vessel's hull at a certain distance, and trees and villages 
situated on the opposite slope of one of these moraines from the observer are from the 
extreme curvature of its surface similarly concealed from view. 

Another feature of the surface, occasionally very prominency displayed, is the rapid slope 
of a moraine aoroesthe valley wherein it debouches. This is well seen in the moraine west 
of Dailu bungalow, in the rapid slope of that portion which passes from Aiju down the 
oonrae of the R&na river. The river running past the village of Dailu brings down no 
erratics above that village, but Dulu itself stands on the verge of an easterly branch of the 
same glacier which joins it lower down. 

I will now describe certain physical peculiarities of surface in Ube Kingra district 

PbyiiciJ ftatara In Ktfngnintnlt- directly connected with the glacial conditions which for - 
lug from ffiacua condltloM. merly prevailed there. 

The Kangra district may be ideally divided into three vertical areas or zones. 

jFiratly, a pregbcial area embracing the whole country which contributed, from peak to 

plain, towards the genesis and development of the glaciers 

'^ under consideration ; speaking roughly and without any mea- 

sured data to check the estimate, the above zone or area embraces all ground higher than 
from 250 to 300 feet above the mean level of the present streams. 

Secondly^ a glacial area, proper, embracing the entire area either occupied or excavated 

by the gladers, which may be approximately fixed as com- 
»r«, proper. mencing at the bottom of the above division and terminate 

ing below at a level of about 150 feet more or less above the mean level of the present 
streams. 

Thirdltf, a postglacial area embracing the whole of the ground below the basal 

^^ ^ , ^ , limit of the last division, and the result of aerial denudation 

8rQ. poflte lAcuu sres. 

subsequent to the cessation of glacial conditions. 

The first division calls for little remark save that it is the area within which we should 
most naturally expect to meet with erratics, deposited from floating-ice anteriorly to the 
formation of the moraines of the lower ground, had any such agency been in operation ; 
but I am unacquainted with any su^, and therefore, no less than from the physical difficul- 
ties such a supposition would involve, have rejected it for the simpler one of glaciers, whose 
former prodigious development is so stamped on the country. By floating-ice^ I of course 
understand ice floating at or near the sea level, since the assumption of floating-ice in some 
elevated inland sea, of sufficient height to bring its waters within reach, or nearly so, of the 
ordinary glacial isothermal of its latitude, is perfectly unwarranted by evidence, certainly 
at least in the K&ngra district ; the only fine clayey deposit, the result of a tranquil mode 
of deposition, which could possibly be referred to such conditions, being a red clay of clearly 
postglacial age, which in some parts attains considerable development, and which may be 
referred to a postglacial period of lacustrine deposition coincident with a general subsidence 
of the whole Himalayan region and the gradual approximation of the general climate to 
that which at present obtains. This red clay covered at one time enormous areas in Kdngra, 
and may not improbably mark a period of true lake formation, when along the southern 
slopes of the Himalaya lakes existed more extensively than existing indications would lead 
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us to sappoee ; but denudation has to a large extent removed all traces of this finer deposit, 
though still to be found here and there if sought for, as, for example, south of NadAon and 
between Jaw&li and Nurpiir. 

The second division is emphatically the area of glacial display, and to it are restricted 
all the moraines and erratics, which are approximately in the position where they became 
fixed on the waning of glacial conditions, and nowhere can the relations of this to the other 
divisions be better seen than near the town of Kingra. 

Approaching K&ngra by the Jnllunder road after passing the village of Dowlutpdr, the 

road commences the sscent of a steep ridge of hills at first 
composed of pebbly sandstones with a little red shale, 
which soon give place to thick beds of very coarse conglomerate, which throughout 
Kangra constitute the highest sub-division of the Nahun group of tertiaries, of pre- 
Bumedly miocene age. The crest of the ridge is pierced by a tunnel, shortly after passing 
through which, f|nd commencing the descent towards Kdngra, a fine view is ob- 
tuned of the celebrated fort of that name, perched on a clifl^ overhanging the boil- 
ing river below, the cliff as well as some scarped heights beyond and above the fort 
consisting of the same coarse boulder conglomerates as those constituting the ridge 
over which the rood is carried. When about half way down the road or rather more, 
a few large boulders of ' Dh£oladh&r ' gpieiss may be detected lying about, or wedged 
into clefts and gullies worn by surface water in the coarse conglomerate, and into which 
situation they have rolled from above, as these gneiss boulders, in question are not weathered 
out of the conglomerate, but are the familiar erratics from the Dh&oladh&r moraines. 
Continuing to descend, these boulders increase in number, till the stream (a branch of 

Contrast between gneles bouldera ^® ^^ Qanga) is resched, when its bed is seen to bo 
in atresin and banks oloonglomente. fiHed, and I may almost say, blocked, with enormous 

masses of the Dh&oladh6r gneiss, contrasting curiously in the eyes of a geologist with 
the beds of boulder conglomerates wherein the river gorge is excavated and wherein they 
are wholly wanting. 

I should not omit to notice in this portion of the road opposite K&ngra, the occurrence 

immeuie bonlder from the Nahon on the road side of a large boulder of red quartzitic sand- 
oongiomentes. 3^^^^ ^f ^^jy I5 £^ -^ gj^h. This boulder is un- 

doubtedly an erratic, but derived firom the coarsest upper beds of the conglomerates so 
lai^ly here developed, but which have nearly everywhere suffered so from denudation, thai 
little, save huge boulders strewed about, indicates their former presence. This particular 
boulder is interesting from being the laigest from these beds I have anywhere measured, and 
for a true water-worn * and rolled boulder it may be considered immense, the second to it in 
size being, however, close on 12 feet. 

Where the road crosses the stream the valley is narrow, but higher up it opens out more. 
Level of the base of the gladen ^^ ^ ^^^ terraced on different heights, most of such 
abont Ktfngra. ground being under cultivation. Just below the fort stands 

the soldiers' church, and it would seem to mark nearly the lowest limit or level of glacial 
erosion proper, that is, the level of the bed of the old glaciers, or, perhaps, a trifle below it 
The post office, on a slightly higher level, seems well within the vertical zone or valley of 
glacier erosion, and the mean between these two points may be taken as the approximate 
mean level hereabout of the base of the old glaciers. Passing on to the d&k bungalow 
scattered erratics are seen on the steep sides of the valley, becoming scarcer as we ascend 



* This term of coorse applies to Its original formation as a water-worn boulder in a coarse bonlder conglo- 
merate, not to its last vehicle of transport which I take to be * glacial* 
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to the immediate viotnity of the bungalow. Still, however, the dAk bangalow, or rather 
perhape the still higher Mission choroh, may he regarded as marking the highest level of 
glader aotion ; and to the aotion at a very early epoch of a ghwder desoendiag the course 
of what is now a deep valley beneath the dAk bungalow to the north, I am inclined to 
rofiar the flat truncated outline of a hill which confronts the d&k bungalow at a nearly similar 
elevation in that direction* 

The difficulty of always' satisfactorily determining the upper limits to which gkciers 
have reached arises from the paucity of moraine debris, and erratics in such situations, espe- 
cially where the ground has been steeply carved out as near E&ngra ; whilst the precise lower 
limita of glacier erosion are not uncommonly obscured by the subsidence in mans of the 
moraine, pari passu with the subsequent fluviatile and non-glacier erosion which has lat- 
terly supervened. 

The third division, of postglader erosion, calls for brief remark. Its area is freely covered 
by moraine debris and erratics, which, in the case of the large fragments, have simply 
subsided pari passu with that denudation which has removed the base whereon they rested. 
A very neat illustration of this process is seen in the bed of the stream beneath the road 
near the d&k bungalow. The river takes a sharp bend round a sort of promontory sharply 
cut out of the old plateau in which the present liver has excavated its bed, and above which 
the old glaciers passed at a higher level. The true character of the linear trains of boulders 
here seen, and the fact that they are moraines subsided in sUu, are clearly shown. These lines 
of boulders evidenUy stretched down, quite irrespective of the present river, over ground, 
now represented merely by the narrow spit left by the river. On this spit the boulders are 
seen to re^t, and if it might be possible for the stream to have imparted the linear arrange- 
ment to these trains of huge boulders, it is obviously beyond the power of water to have 
washed them up against the face of the spit in the manner in which they occur. 

A few words may not here be out of place touching the views held by Dr. Falconer 
Dr. Falooner on the abMoos of ^^ ^® causes which have acted towards the conservation 
iikei'southof UieHlnalvM. of kkes in the Alps, and the probable reason of the non- 

existence of any lakes of similar magnitude along the vastly more colossal Himalayan range, 
where their presence might not unnaturally be looked for on a scale of even greater mag- 
nitude than in the neighbourhood of the Alps ; since the glacial phenomena previously 
described by me go far to invalidate the conclusions which Dr. Falconer, in ignorance of the 
former existence of the phenomena in question, was led to draw. Dr. Falconer, writing on this 
subject, regards the Alpine lakes (Falc. Palseont. Memoirs, YoL II, page 661) as great 
fissures with rivers running into them, which originated in the process of elevation of 
the whole chain. Precisely similar results in his opinion followed the elevation of the 
Himalayas, but in the Alps a glacial period supervened, which filling these ' fissures' or lake 
basins with ice, prevented their being choked up with detritus, as would have happened 
under milder climatal conditions. For India, on the other hand, " these lake basins were 
gradually silted up by enormous boulders and alluvium of every kind," since in these 
"tropical r^ons the ice never descended from the highest summits down into the 
plains." 

Now, the condition of the Kangra district clearly renders the above view of Dr. Falconer 

^ _ _ . , ^. untenable, since it is abundantiy clear that glaciers descend- 

Yiewv of Dr. Fslooner nntefuible. ,„..., ^ , - i. • • 1.1. l 

ed well into that outer region, wherem we might expect 

lakes to occur, and it is clear that no material difference existed between the Himalayas and 

the Alps, guook^ climate and the former prevalence of glacial conditions over both areas. 

Whether at any period bkes existed within the Himalayan area, comparable with those 

bordering the Alps, may be allowed to remain an open question, which, I am not disinclined 
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to think, will hereafter be answered affirmatively ; Utt whether they once eiisted or no, we 
hftve in the exoeesire erosion of the river channels traversing the drainage basins, wherein 
any sooh lakes most have stood, a canse fully adequate to account for their subsequent dis- 
appearance. In the open ground of the K4ngra district I have estimated the amount of 
erosion of the river beds since the terminaUon of the glacial period as upwaids of 100 feet, 
and there seems to me no fixed limit which we are called on to assign in the case of those 
larger rivers which descend from the main Himalayan daun, so that even had large lakes 
occupied positions along the main river vallies subsequent to the glacial period in qQestion, 
we can still understand, from what is seen in the K&ngra district, how such lakes may have 
emptied by the ordinary operation of those forces which are now and ever have been perpe- 
tually at work deepening every Himalayan gorge. I content myself, however, with throwing 
out the hint» as the subject is too large a one to be discussed in a paper like the present. 

It remains only to add a few words on the period dtnrng which gladal ooinditiomi pre- 
vailed in K&ngra, and this is capable of being fixed with 

Period of fflAcbd oonditioos in 

KAik^ tMCrable exaetnesa with regard to the tertiary deposits of 

the r^[ion. 

The great bulk of the tertiary deposits of the K&ngra district belongs to the 'Nahun ' 
,^. , division of Mr. Medlicott, approximating in age to the 

miooene of European geology. This group contains in addi- 
tion to numerous Pachyderms and Buminants (a correct and discriminative list of which is 
a most urgent desideratum), the remarkable Chelonian Colossoekelys Atlcts, Fal.. This group 
of an enormous, but unascertained thickness, not less certainly than 10,000 feet, was tilted 
up and involved in the great disturbance its beds display, and moulded to the main orographical 
f eaturss of the district prior to the development of the glacial conditions in question. 

The Nahun group u followed by a series of deposits of very inferior thickness, but not 
sivAiik graan ^^^ ^^ ^^ remains of a varied fauna. Within the Kingra 

district no direct evidence Exists, from contact, of the rela- 
tive age of the glacier deposits and l^e Sivalik group ; but the evidence afforded by the fauna 
of that group is wholly in favor of its being postglacial, and of the fauna being associated 
with conditions of climate anal<^ous to those now existing. Without entering into greater 
detail, it is sufficient to mention in support of this view the occurrence of two Hving croco- 
diles in the Sivalik beds, and several species of land and fresh-water shells still living,' and the 
same association of extinct types with the precursors of numerous species of firing mammalia, 
as is seen in the pliocene deposits of the Narbada valley. 

With regard to the occurrence of glacial phenomena along the Sub-Himalayan region 

east of the Kingra district, I think that future observationa 
GlscisI plisnomena OMt of Kftign. • n j* j. j i. ^.t. i.- i. mi i ^ ^ 

specially directed to the subject will reveal an unexpectea 

amount of evidence, which, if not so obvious, will be found no less conclusive than that dis- 
played in Kingra. The scope of my own observations only permits my saying that remnants 

„ . ^ „„ ^ of moraines occur in the Sutlej valley as low down as Bilas* 

M sniiioi tt Bilasptir. . 

• pdr, and erratic blocks, not now directly connected with any 

moraine, but probably transported to their present position by a prodigious trunk glacier 

„ . . .^ « ^ which descended the Sutlei valley without much reference 

Emtics in the Oomber. , ,, ^ /. .. i j xl au r 

to its present configuration, as low down as the mouth of 

the Gumber river and probably lower. The blocks I refer to a monune at Bilasp^ consist 

of the harsh Krol limestone forming the ridge which near that town is deft by the valley or 

gorge of the UUay river, down which a glacier passed into the trough of the Sutiej, 

Anything^ however, like a connected moraine of this Sutiej glacier no longer remains; but to 

its disintegration and removal is no doubt largely due the enormous sheets of recent con- 
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glomerate, whieh literally choke the Bntiej valley, and which may be well seen, among other 
spots, at IHhitr (at the ferry on the Mandi and Bil^pur road), at BiULspnr, and at Bnbhor, 
where the Satl^ debonohes into the Una ddn. 

Approaching the Sutlej from the direction of Mandi, when a little better than a mile 

flactiim flf thaEntiri ahnrnM iMii ^^^"^ ^® ferry> the wholc of the high ground behind the 

village of K&ngra is found sheeted over with beds of sandy 
gravel evidently ihe upper beds of a thick deposit of either fluviatile or lacustrine origin, 
m a n t li n g round the hills of harsh Erol limestone bounding the valley, which to a great extent 
it must have originally filled. On descending towards the river these sandy beds give place 
to coarse graTels, which still lower down pass into the coarsest boulder shingle, mainly com- 
posed of a heterogeneous mixture of Himalayan rocks, among which the Krol limestone of 
the neighbouring hills is a prominent ingredient. Among the rest, scattered boulders of the 
porphyritio gniess of the Dh&oladh&r are seen, from their size of unquestionable glacier 
origin, and these may be traced as low as Dihur, of various dimensions up to 8 or 10 feet 
b girth, associated with numbers ai boulders of nearly the same size of the hardest schistose 
sod trappean rocks, from the region of the inner hills, and all at one time probably trans- 
ported to the vicinity by glacier agency. 

At BiUspur in the bed of the river beneath the Bajah's Ghurdej^ I remarked erratic 
BmttesatBiUgiMir blocks of hard schistose rocks from 12 to 16 feet in girth, 

but to what precise distance down below the Gumber mouth 
these can be traced I cannot say. 

But what a vision of the past is not here raised by these simple boulders lying neglected 
2^|. . in the river bank or used for the ignoble purpose of cleans- 

ing the clothes of man's emmet-like race. As there can 
be little doubt that the glacial conditions to which these blocks testify, were induced 
mainly by the simple elevation of the whole Himalayan area, so there can be equally 
little doubt that such elevation was effected without materially affecting the grander 
orographical features of the country, and hence it comes that we must picture to ourselves as 
the agent employed in their transport a mighty trunk glacier, debouching somewhere above 
Babhor, after a course of some 860 miles, a spectacle unmatched for grandeur at the present 
day in the loftiest regions of either hemisphere. 

Without pursuing farther all the arguments which might be adduced, it will suffice here 
to summarise the conclusions which may be drawn from the glacial phenomena of the 
K&Dgra district*^ 

l«^.^That prior to the deposition of the Sivalik gronp, the whole Himalayan area stood 
at an elevation not less than 12,000 feet and perhf^ 16,000 feet, higher than at present. 

2nd. — That in consequence of this superior elevation, the whole of the Sub-Himalayan 
region north of the Duns (which had then no existence) exceeding 1,600 feet elevation, was 
Bulgect to the incursion of glaciers, which from the magnitude of the drainage area whence 
they descended were of the most colossal proportions. . 

9rd. — ^That the Sivalik period was marked by a subsidence of the whole Himalayan 
area, a eorresponding retrocession of glacial conditions, and a return, during the reign of the 
Sivalik £»una» to conditions not very dissimilar to those now obtaining in the region. 



K0TX.*-There are many features in Mr. Theobald's paper very tempting for the critic ; but 
they must be left to the intelligonce of the readers. One omisnon he has made is fairly open to 
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editorial comment; the more so, as it affords a moat instmctive inmtration of what tbreateaa to 
become a very Berions atombling-block in geology, involving, as it does, the ignoring, abandon- 
ment, or even the inversion of the fundamental principle of the science. The evil indieated is, 
the blind adoption, or application, of the homotaxeons method in the classification and nomencla- 
tnre of formations. 

Glacial phenomena, and the * glacial period,' having been lately very iirominenily under dis- 
cussion, it will astonish many that in a paper treating specially of the former enormous extennon 
of the Himalayan gkciers, no mention should be made of the possible connection of this fact 
with ' the glacial period ' ; the sole cause assigned for the case of the Himalaya being a supposed 
greater elevation of from 12,000 to 15,000 feet The local time assigned by Mr. Theobald for the 
Himalayan glacial period may be correct : there is no doubt of its bdng posterior to the disturb- 
ance of the N&han group, and to the excavation in it of the existing drainage system ; and the 
reason given for its being anterior to the Sivalik group (as property restricted by Mr. Theobald) 
is at least plausible. But here the fallacy steps in: the Sivalik formation is 'pliocene'; the 
* glacial period ' is ' post pliocene ' ; it is therefore needless to consider the relation of the latter 
with the prepliocene glacial period of the Himalaya, as well attempt to identify it with our 
Talchir (paleozdc) glacial period. 

It is enough to state the case, to show the danger of it. PalsBontologists are cutting them- 
selves adrift in loosening their hold upon the chain of physical causation. Are they in a condition 
to say that even the Sivalik fauna (as restricted) eould not be contemporaneous with the post- 
tertiaries of Europe, as is implied in the above argument ? 

It is plain that the possible, not to say probable, connexion of the glacial periods here and 
in Europe offers an incomparable means of fixing the contemporaneity or correspondence of the 
extinct faunas of such distant regions. The importance of this possibility will not be lost sight 
of. — ESITOB. 



Ok thb Buildiko and Obnambktal Stones of India, by Y. Ball, x. a., Geological 

Survey qf India. 

In the year 1871» when at home on leave, my friend Profeflsor Hall, Director of the 
Geological Sonrey of Ireland, informed me of his intention of bringing oat a work on Builii* 
iNa AND OsNAMBNTAL Stonbs, and invited my assistance in reference to the portion of 
it treating of India. Fortunately my promise of assistance was made conditionally upon 
my having leisore sufficient to hunt up all available authorities on the subject, as since 1871 
ap to the present time (April 1874), I have been almost constantly on the move, and during 
the short periods I have spent in (Calcutta my time has been taken up by other more pressing 
oocnpations, so that I have found it atterly impossible to attempt to do anything like justice 
to the subject. 

Professor Hull's book having been published in 1872, the present notes are printed in 
the Records as an instalment of what may hereafter be written. In a country covering 
80 large an area as India, and where, in spite of the comparatively little use made of stones in 
modem British buildings, building stones have been employed fur a long period of time 
by the natives, ample material exists for a very much more extensive account than the pre- 
sent. My chief difficulty has been to compress the principal facts within the limits available 
for the purpose. 

By giving full references to the principal authorities on the subject, the reader is 
placed in possession of a means of acquiring fuller details than there is room for in the 
prei»ent account. 
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Tbiottghoat the Gangetic valley the pahlic huildings which have heen erected under the 

almost exclusively of hricks. In many cases the difficolty 
of ohtaining a huilding stone within an easy distance of the towns situated in the alluvial 
valley, and in all the consideration of primary economy, have led to the employment of 
perishahle hricks instead of lasting stone in the construction of our officers* courts, private 
residences, &c. 

Even in parts of the country where good building stones are to be obtained, bricks are 
often the only material regularly used. 

It is no doubt this feature of Anglo-Indian architecture which in part gave rise to the 
saying that if the English left India, in a century after their departure no sign of their 
occupation, save that aflforded by a few empty beer bottles, would remain. 

Unfortunately the use of bricks cannot be justified even by the appropriate or ornamental 
Architectunl reaults from the aae character of the results. If durability is sacrificed, we are 
6t brickB. justified in asking if not for ornamental structures at least 

for buildings calculated to make this txying climate somewhat more endurable. But what do 
we ^dP To quote the words of Major (now Colonel) Medley : " Who does not know the scene 
of desolation ^at comes over one at first sight of some of our Indian cantonments: the straight 
and dusty roads, the rows of glaring white rectangular barracks, the bam-like church difiering 
only from a barrack in the presence of a square tower and classical ! portico^ the Boman 
Catholic Chapel ditto, only smaller and with bright green doors all round ? and again : ** It 
must, I think, be allowed that the true principles of architectural construction for buildings in 
the east, which are to be used by men habituated to an entirely different climate, have not as yet 
been discovered ; a mosque, for instance, has a pleasant temperature both in winter and summer, 
while a Gkithic church in India is, as a rule, either very hot or very cold. I do not say that 
Gothic churches are unsuitable to India, but only that they are so as we now build them."* 

Temples and houses built in the native style, though often somewhat dose and ill ven- 

Naiive buildings stated to the tilated, are generally considerably cooler than any European 

climate. buildings. This is particularly true of the massive stone 
structures of the north-west. 

In new countries, such as Australia and America, the engineer or architect often ezperi- 

ETidenoe of dnrabUity of material ences a difficulty in determining the durability of materials 

afforded by native buildinga. ^^^^^ y^^ ^^^ ^-^^i to employ. Even in England this diffi- 

culty is not unknown, as is evidenced by the failure of the stone used in the construction of the 
houses of Parliament ; but in India, in the civilized parts, wherever building material occurs, 
ancient temples or other native buildings are almost sure to be found. These furnish all the 
information which can be required as to the durability of the stone when exposed to the 
atmosphere. 

The other qualities in building stones — strength, appearance, and susceptibility for 

ornamental treatment — can all be determined by simple and 

other qnalities admit of apeedj ,., v j x i. v x ai. i. j j. i. r 

testa. readily applied tests ; but there is no known speedy test of 

durability. 

The presence or absence of certain minerals, or some peculiarity in the structure, arc 

. ^, . ^ ^ causes sufficient to determine the decomposition, which may 

Causes of disintegntion. , r —^ j 

be more or less protracted, but which must eventuate in the 
disintegration of the stone and the consequent disfigurement, if not total destruction, of the 
building in which it has been employed. 

* Prof. Papers on Indian Engineering, Vol. I, pp. 201-8, 
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With examples of stone work which range in afi^ from before Uie Chrisfciaa era np to 
modem times, the engineers and arohitects of India have an immense advantage over those of 
newer oountries. 

It shooid he scarcely reqnisite to observe that the proof of a certun formation affiofding 

C«e requWf In Mleetioa of maUrid. «^ ^'^^^^^^ "^°^ " "^* "^®^"* ^ 3^^^^ ^^ condnsion 

that all the stone of that formafaon is equally darable. Yet 

the passing of individual blocks of stone is under these circumstances, there is reason to 

believe, often performed in an imperfect manner. Cases might be quoted where ill-ohcsen 

stones have not proved equal to the work which might justly be expected from the material 

had a little care been used in the selection, and thus, too ofton, a material has received a bad 

name and evil reputation where in truth its qualities have not been put to a fair trial. 

Although locally, in the construction of bridges and other works where stone has been 
Skilled ttoDe-worken mora noma^ employed* vast numbers of coolies have been trained so as 
<rai formerly. ^ become very fair stone-cutters, still the number of highly 

skilled artizans is probably less than it was in former limes, when the inhabitants of almost 
every district in India into which Aryans penetrated erected thear temples of stone. In many 
cases these temples, to the present day, exhibit admirable workmanship in the most difficult 
materials. 

To show how little has been done towards developing and rendering these resources of 
The bQiidinf itone lesooKei of India available, it is only necessaiy to refer to the grim 
India nndereioped. advertisements which daily meet our eyea in the newspapers, 

of tombstones of Aberdeen granite and Italian marble. 

In further illustration of this, I may mention that at B&nigaig, 120 miles inland 
from Calcutta, I have seen at the potteries enormous granite mill-stones for crushing quartz 
which had travelled probably 15,000 miles to their present destination, while within a radius 
of 20 miles several places could be indicated where stone suited to the purpose could be ob- 
tained were quarries only opened up. 

With increased facilities for carriage, by rail and canal, and with some modification of 

^ . ^ the traditions in favor of Public Works Department brides, 

Proepeot of fotore development. ^ i i * j. ^ i xi_ i ji-j v mj 

we may yet look forward to a time when the splendid build- 
ing materials existing in India* will be brought into more general use for our public and 
private buildings. And we may thus yet hope to see structures of an ornamental and lasting 
character worthy of our position in this country. 

The order in which the several daases of materials are arranged in this paper is that 
followed by Professor Hull — 

I.— GBAsrinc and Gneissosb Bocks. 

II. — Basalt and Tsaps. 
III. — Sbbpbntine, Potstokbs, and Soafstonb. 
IV. — Mabbib. 

V. — Gypsuh and Alabastbb. 
VI. — Obnaubntal Stonbs. 

VII. — LiMBSTONBS, EUNKUB. 

VIII.— Sandstonbs, Quabtbitbs. 
IX. — Latbbitb. 

X.---SLATB8. 



* 8ome trials of Indigenoaa llmeetonee from the YindhyanB and from Kernel for Utbographic porpoec* 
appeared to ^tve promfeliig resolte ; bat the large quantity of stonea which are need in the Preeldeoej lownt arc •tUl' 
I believe, exdoeWelj imported from Europe. 
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I.— Qbanitb and Qvbi88. 

Most of the so-called granite of India is a granitoid gneiss, a resultant of the excessive 
metamorphism of sedimentaiy rooks. To what extent true eruptive, igneous granite occurs 
in the peninsula is quite unknown. Qranite, wluch from its physical relations one may 
venture to conclude is of truly igneous and eruptive character, is not however absent. But, 
as a rule, the physical relations accompanying exposures of perfectly unfoliated granites in the 
metamorphic areas of India are not of a sufficiently definite character to enable one to assert 
with confidence the nature of the origin of those granites. There is no crucial test which 
can be applied to determine this question. Even microscopical examination of the minerals 
is not now considered to afford in all cases an infallible guide. But even if it be, it is not 
of easy application, and cannot be made nse of in the field. 

These remarks seem a necessary preface to the following account, as travellers and 
antiquarians, who have described buildings, have not often attempted to characterise, more 
than by some very general term, such as granite or sandstone, the materials of which those 
buildings have been constructed. 

The metamorphic rocks occupy a very considerable area in India. 

East of a line drawn from Bot&sgarh on the S6n through Umark&ntak to Goa, the 
greater part of the country consists of metamorphic rocks. The younger rocks which do 
occur in that area are for the most part limited to comparatively inconsiderable basins^ 
Metamorphic rocks, not to mention small exposures within the limits of the great basaltic 
flows of Western India, also occur in Bandelkand, Each, the Gi&ro and E&sia Hills, 
and in the Himalayas. Whether these all belong to the same age or not is a question of 
much difficulty and uncertainty. The probability is that they do not. Lithologically there 
is sufBcient general resemblance to justify their being all classed together in this account. 

The varieties of materiaLs suited to building purposes are of course very numerous. 
There are those caused by structure and those due to composition. By the former character 
they are divisible into foliated and non-foliated. The simplest form of the latter is a binary 
compound of quartz and felspar, or pegmatite, sometimes appearing as graphic granite. 
Then there are the ternary compounds, consisting of the two minerals just mentioned, with 
the addition of mica, hornblende, or talc, which are known respectively as granite, syenite, 
and protogine. Various modifications of these four varieties are produced by the presence of 
foreign minerals, such as, oHgoclase, schorl, garnet, epidote, magnetic iron, Ac 

As building stones the dense crystalline unfoliated varieties are the most durable. The 
presence of garnets or magnetic iron is likely to be detrimental, as these minerals under the 
influence of the atmosphere are apt to disintegrate, and so mar the appearance, if they do 
not ultimately endanger the stability, of the edifices in which stone containing them is 
employed. 

I shall now endeavour to give some enumeration of the principal localities where these 
rocks have been used for the supply of building stones, and point out the features of the 
principal examples. 

In the alluvial tracts of Bengal ancient buildings of stone are of most uncommon 
occurrence. Towards the west, however, in the rocky districts and on their borders, evidence 
is not wanting that the art of working in stone was practised whenever the material was 
available. In the Ganges dose to Colgong there are several small hills which form islands 
in the present bed of the river. These hills consist of piled masses of a very compact grey 
granite, which in olden times used apparentiy to be resorted to for material for the oonstruco 
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tioQ of temples. The old holes for the wedges are still to he seen, and one enormons slab, 
which was partially split ofE, was never removed, and still clings to its place. 

In Beh&r many temples are to be fonnd in the oonstmction of which granite was em- 
ployed. At 6ya some of the Boddhistical raDs and the floorings of temples, Ac., are of 
granite. 

At Bar&bar Hill occnr, so far as I know, the only instances of artificial caves excavated 
in these hard rocks. In sandstones and trap, as we shall see hereafter, not a few instances 
can be quoted. 

Throughout the ChntiaN6gpnr Division sandstones are generally more or lees accessible, 
so that temples built of granite are of by no means common occurrence. But as we proceed 
southwards along the eastern coasts from Midnapore through Orissa, the use of granite 
seems to be more and more common. 

At Neeltigur Hill, in Pergunnah Ultee, in Orissa, Hindu temples and deities are of 
gametiferous gneiss, as are also some large figures in the Bhick Pagoda at Pori. 

On Mahendragiri Hill, in the district of Gh&njam, I observed an example of what I 
have since been informed was not uncommonly the practice with regard to the construction 
of these temples. On the top of the hill is an unfinished temple built of huge blocks of 
porphyritic gneiss, which on their exposed &ces are rough and uncut. The practice appears 
to have been, not to have attempted any ornamental work until all the stones of the building 
were in position and then to have pared them, so to speak, into shape. One of the stones 
which I measured in this temple had the following dimensions, 9' X S' 9" X 3', which would 
indicate a weight of about 8 tons. 

The natives get over the difficulty of accounting for such megaJithic structures by as- 
serting them to be supernatural, or by saying that " there were giants in those days." 

In his report on the Nilghiri Hills, Mr. H. Blanford pointed out several pLices where 
excellent building stones could be obtained from the crystalline rocks. But not much use 
has hitherto been made of them. In Mysore a variety is obtained, which is split into poet* 
20' long, which are used for the support of the electric tel^praph wire. As readily accessible 
examples of the useful and ornamental purposes to which the gneisses of Southern India 
have been put, Mr. King instances the following :^ 

A polished slab of quartzo-felspathic gneiss in the Durbar hall in the Rajah's palace at 
Tanjore, which measures 18' x 16* X 2^ l\". 

A small temple in the north-west comer of the Pagoda Court at Tanjore, which is '' a 
perfect gem of carved stone-work," the elaborate patterns on which are as sharp as when 
they left the sculptor's hands. 

Other beautiful examples of carving are to be seen at the Bock Pagoda of Trichinopoli, 
at Yolcandapuram, and at the Chellnmbrum Pagoda. " Even at Trivalur near Negapatam, 
at the eastern extremity of the gpreat delta of the Cauvery, nearly sixty miles from the nearest 
gneiss quarries, the great pagoda and tank are surrounded by walls of massive gneiss." 

"As an instance of the peculiar susceptibility of gneiss to fine carvings, the rings 
appended to the drooping comers of some pagoda buildings may be mentioned. These 
rings, the links within which are moveable, and the projecting comers, are carved out of 
single blocks of gneiss, such as may be seen at the Strimustrum Pagoda." 

Mr. King also mentions the use of blocks of gpoeiss in the construction of walls, hands 
of tanks, beach groynes at Tranquebar, culverts, bridges, dice. 
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The ancient Droid-like remains called Kammbar rings which are found in various parts 
of Trichinopoli generally consist of rough blocks of gneiss. In parts of Chutia N4gpur 
old settlements of the Kols made use of gneiss in the erection of Menkers and Dolmens, 
But, at the present day, the Kols who erect such memorials for the most part dwell in a 
part of the country where flags of schist and slate are readily accessible* and they therefore 
do not use gneiss. 

In Madras Mr. Foote says that the beds of very homblendic gneiss which occur " at 
Palaveram, Cuddapary Choultry, and Puttandulum are largely quarried for the manufacture 
of articles of domestic use as well as for building purposes." 

Other varieties in different localities in Madras are mentioned ; some of these have been 
quarried to a considerable extent. 

Except for purely local purposes, the construction of bridges, &c., where, upon econo- 
mical grounds, the rock nearest to hand has been made use of, the varieties of granite, 
gneiss, &o., on account of their hardness, have not commended then^selves as building 
materials to English engineers. So far as I know, there are, throughout the country, no 
British buildings of importance, in the construction of which these materials have been 
used. 

OriflM ... • ... Mem. Geol. Sorv., India, I, p. 277. 

Bluiford, Nilghlria ... ... n » P* Mi.. 

King, Trichinopoli ... ... „ „ IV, p. 367. 

Fooie, Madras ... ... „ ^ X, p. 131. 

Balfour's Cydopoedia, Art. Granite. 



II.— Basalt. 

■ 

2Va|>.— Any one who has paid attention to the subject is aware that the greater part 
01 Western India, the Dekan, and the Central Provinces is occupied by a vast accumulation 
of eruptive rocks which are generally spoken of as Dekan trap. From north to south these 
rocks extend from a point 100 miles south of Gwalior to the vicinity of Goa, and from west 
to east from Bombay to Umerkantak, thus covering an area of about l-6th of the peninsula, 
south of the Ganges. Boughly estimated, we may put down the area in which these rocks 
prevail at 200,000 square miles. 

On the eastern side of the peninsula too, rocks, which, without going into details of the 
mineral constituents, may be conveniently spoken of genericaliy as trap, occupy a by no 
means inconsiderable area, as in the Bajmehal Hills. 

From the evidence afforded by the sedimentary beds with which these rocks occur in- 
terbedded, those in the west appear to be referable to the close of the cretaceous epoch, while 
those of the east (Bijmehal) belong probably to the Jurassic 

The whole of the trap rocks which are used for building purposes are not, however, 
exclusively derived from the two above-mentioned sources. In many other of the recognised 
formations in India the trappean rocks occur as dykes ; sometimes these are basaltic, but, in 
the older formations, diorites prevail. 

In the Dekan and Bsgmehal areas, other rocks are not altogether absent, as there are 
not only the sedimentary, interstratified rocks above mentioned, but also, on the outskiit*, 
the deeper valleys occasionally disclose rocks of older formations. 
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The former, however, are not generally raited for bnilding pnrpoeee^* and are therefore 
leas used than trap, which, thoogh eometunee difficult to eat, ia, if well choaen, amoat dorable 
material, and is moreorer snaoeptible of mudi delicate and artistic treatment. 

As might be anticipated in the Bekan area, from the enormons thickness of these rocks 
which oocor, the lithol<^cal varieties are nnmerons. These varieties are due both to difier- 
ences in mineral composition and degreea of compactness. 

With regard to the relative adi^tabiliiy to building pnipoaes of the variooa kinds of 
rock which are most commonly met with, Mr. Blanlord remaiks: ** None of the beds 
containing zeolites, interspersed in irregnlar strings and veins thioiighoiit the mass, are 
good. They are too soft, brittle^ and liable to decompose. None of the aah beds are equal 
in strength, toughness, or resistance to the atmosphere to the solid basalts, and no rock 
of a red colour ahould ever be taken for building purposes. It is almost always decomposed. 
Amongst the very beat beds are the porphyritio basalta, such as those which form ao large a 
proportion of the rocks on the Thull Qhftt." 

Mr. Bell says s— ^' The best I should conmder to be the bluiah-green basalt^ whidi ia very 
hard and heavy, having a specific gravity about 3*0, and which rings like a metal on being 
stmck.** 

Probably the first use to which the trap rock was put in India was in the manufacture 
of stone implements or celts, of which specimens are occasionally found, in some cases far 
removed from the ^acea where the rocka occur. 

To a very* early period must be referred that fonn of arehitecture which consisted in 
hollowing out and sculpturing the rock* in situ into temples and dwelling places, of which 
we have magnificent examples in the caves of A^anta, Ellora, and Elephanta. These caves 
contun sculptures and inscriptions indicative of their Buddhistical or early Brahminical 
origin. Several of these caves are assigned to a period from 200 to 160 yean B. G. 

At Gya, according to General Cunningham, some of the Buddhistical rails are made of 
basalt, othen being of gpnmite and sandstone. 

Coming down to a more recent period, we find on the eastern side of India tn^ from 
the Biymehal Hills made use of for lintels and door posts in Hindu temples, and not unfre- 
quently for tiie images contained inside. Trap used in this partial manner may be seen in 
many of the old buildings in the vicinity of Bsjmehal and the mined city of Gaur : occa- 
sionally, too, in temples in the Burdwan District. The black marble of many writera is pro- 
bably only this material. When covered by the native offerings of ff^f it is often, without 
doing what in the sight of the people would be regarded as desecration, impossible to make 
out the material of which the imagea are made. 

In the famous Black Pagoda at Pori trap is said to have been much used. This mate- 
rial was probably derived from dykes in the metamorphie rocks. 

In the Dekan and surroundiog trap country this material has been used in the construc- 
tion of forts and native buildings of various kinds. 

One of the most magnificent worka in tnp ia stated by Dr. Balfour to be an unfinished 
tomb of one of the Gwalior princes at Poona. 

Becently it has been extensively used in the construction of bridges and stations on the 
lines of raiboad which traverse the trap country, but I underetand that from Sauses for 
which the stone is not altogether in fault, but rather the lime and workmanship, the work 
has not given complete satisfaction. 



* An eicepUon will bo found noted on a following ptge. 
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In the oity of Bombay trap has been nsed to some extent* bat chiefly in rabble masonry^ 
All the finer boildingB in Bombay are oonBtracted of s very different material, as will be 
mentioned in its proper place. 

The principal oee to which the trap rocka of the Bcymehal HiUa are at present put is for 
the supply of Galcatta with road metal. 

Building nuteriak, Bombaj Iilaiidi Curter'B Goology of Wtttom India, Bombay,. 1867, pk Ml. 

BaildiBff atone in Weatara India, MMewaUiar, Proe. Palais of Ind. Bn^^ Boorkae, Vol VI. ISSe. p. laa 

Oaology of Bombaj lalaod, Wjnna^ Ham. GaoL Sarr.» Ind^ V, 18H P* 178- 

Oaology of Weatani India, Blanford, Mam. Gaol. Sonr., Ind., YI, 1869^ p. S9». 

XaMmiy in a tnp oornktiy, H. BeU, Prof. Papera of lad. Ebg., fioorkea^ YoL I» Snd Seriea, 1871, p. 162. 

III.— Sbipbiitiivb. 

Serpentine in sufficient quantity to be desenring of mentioD in this enumeration is of 
rare occurrence in India. In the sub-metamorphic rocks of Western Bengal, I have occa- 
sionally met with it in small quantities. In the district of Singhbhum, sooth of the station 
of Chaibassa, it oceurs in beds of a white limestone. 

In the Madras presidency, in the eastern part of the Eadapa District, a beautiful ser- 
pentinous marble is said to occur, but it has not been much used hitherto. 

Dykea of serpentme, possiUy the xesalt of alteration of some original igneous rook^ 
ooour most onoommonly in the tertiavy sandstones of the Andaman and Nioobar Islands. 
Some of the purer Tarieties might, if obtainable in lafge blocks, be used for ornamental 
purposes. A black Yariety streaked with green, whidi occurs at the head of Port Blair, 
particularly attracted my attention. So far as I know, no attempt has been made to work it 

Serpentine is said to be found in parts of Upper Burma, where it is worked and exported 
to China. 

Poisionei, — Chloritic schists, passing; on the one hand, into talcose, ami, on the other, 
into serpentinous rocks, occur not unoommooly in the sab^metamorphic and somewhat Ies» 
freqaently in the metamorphic series. 

In buildings the varieties of this material haYe only been used on a small scale for 
ornamental purposes, for which some of them, as being tongfa and at the same time easily 
carved, are particularly suited. More eztdnsiYely they are used in the raanafaotore of altars, 
idols, plates and bowls. 

In the southern part of M4nbhum, on the ffontiers of Singhbhum, there are numerous 
workings, which generally take tiie form of narrow mines which are deserted during 
the rains. From these mines a considerable quantity of stone is annually extracted ; the 
blocks are roug^y dressed to the shape required, be it for Lingamf plate or bowl. They arc 
then fixed in a rude lathe and cut into form and given a smooth sur&oe. When finished, 
they are carted off to Bnrdwan, where they ure in great demand, and a portion are sent on to 
Calcutta for sale. 

In the neighbourhood of Gya too, there are many large mines and quarries of this stone, 
which supply a considerable trade in idols and utensils. 

One cLiss of the varieties used stands fire well, while the other does not. The former is 
of course the most esteemed by the natives. The cracking of the latter is probably due to 
the water of combination in the more ohloritic varieties, which becomes released on the appli. 
cation of heat. 
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In many of the ancient temples in Chutia NAgpnr images made from this material are 
not nncommonly met with. 

The beaatifully sculptured doorways of the Black Pagoda near Fori are of this material, 
which was probably obtained from the ISfilghiri Hills in Orissa. 

In some of the more finished temples at Bobaneswar there aie large well polished and 
highly sculptured slabs of potstone let into the walls. (Stirling). 

In parts of Trichinopoli these rocks are applied to similar purposes. 

8o<qhiione* — ^The very beantifal steatitie material so mnoh need for delicate carvings in 
Agra, though generically related to the rocks mentioned under the above head, seems deserving 
of separate notice in this enumeration. 

This rock is obtained in the territories of the Biya of Jaipdr. In Agra it is chiefly used 
in the manufacture of small ornamental articles, but has not yet entered into use as a 
material for architectural decoration, although it is admirably suited to the purpose. 

RtfereneL 
JTfAM— Ob the Stone IsdoBtries of Agn. 

lY. — Mabblb. 

Marble iji India is better known from its great beauty in the few plaoes where it does 
occur and its successful employment in the ornamental architecture of some of the cities of 
North-Weetem India, Bajputana, Quzerat, and a few other pLioes, than from being gen- 
erally distributed throughout the country. 

The TvLJ at Agra which was erected by the Emperor Jehangir, to the memory of his 
favorite wife Nur Jehan, is built of polished white marble, and is by many competent 
authorities considered to be one of the most beautiful and perfect structures in the world. 

The material for this glorious monument» as well as for many others, was obtained in 
the JaipiSr territories. 

But the spedal purpose to which the marble of Jaipdr has been put, and for which it is 
so admirably suited, is the manufacture of screens, the delicacy of the traoery on which can 
in many cases be only compared with lace. This work is known by the name Jalee. Besides 
marble, sandstone is sometimes, however, employed for this purpose, as the following descrip- 
tion by Mr. Keene wiU show : " It is a fine filagree of marble or sandstone fretted into 
an almost endless net-work of g^metrical combinationSy such as can only be understood by 
seeing the carvings themselves or good photographs of them." 

In the opinion of Mr. Fergusson, the J<dee work of Ahmedabad in Guserat is still 
finer ; but the style of the two is quite different. 

According to Mr. Keene, the finest example of this form of work to be met with in 
Northern India is the following; he says: "But all the marble-work of this region 
is surpassed by the monument which Akber erected over the remains of his finend and 
spiritual counsellor Shekh Suleem Chistee at Fatipdr Sikri (1681 A. D.). In the north- 
western angle of a vast courtyard 433 feet by 366 feet is a pavilion externally of white 
marble, surrounded by a deep projecting dripstone, of white marble abo, supported by 
marble shafts crowned by most fantastic brackets shaped like the letter S. The outer 
screens are so minutely pierced that they actually look like lace at a little distance, and 
illuminate the mortuaiy chamber within with a solemn half-light which resembles nothing 
else that I have seen. The whole of this elaborate work, including the strange but most 
pleasing design of the brackets, appears to have been produced by the resident stone-cutters 
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of the place — nnedacated men eaniing probably aa average wage of about a penny a day. 
I believe that no instance of such pore patient workmanship, so dignified, yet so varioas, is 
to be found in the world." In a very beautifully illustrated Work on the Architecture of 
Ahmedabad by Mr. T. C. Hope, B. c. 8., with architectural notes by James Fergusson, 
photographs fllustrative of this work and of buildings in sandstone will be found ; many 
of these buildings are comparatively modem, and some are quite recent. It would appeas 
that the art of working in these materials has been more fully conserved in Guzerat than 
in any other part of India. But it has been by no means lost or even discontinued, though 
it is not extensively practised now in the northern cities. 

I am informed by my friend Mr. Hacket that at Bialo in Jaipdr the Jtdee is still made, 
and that the traceries in it are as delicate as any which are to be seen in the Taj, Other 
quarries near Jaipdr are also in operation. In the " Hand Book of the economic products 
dT the Punjab," by Mr. Baden H. Powell, there is a list of marbles of which the following 
are the principal : (1) an inferior marble which, however, takes a good polish from Narnul, 
in the Pattiala territory ; (2) grey marble from Bhunsi ; (3) black marble from Kashmir ; (4) 
white and veined marble from Sardi in Jhelum ; (5) yeUow marble from Manairi, Tusufzai. 

In the Narbada valley, the marble rocks, justly famous for the excessive beauty of the 
deep gorge out through tiiem by the river, consist of a tolerably pure white saccharine 
limestone. This is the strongest local development of the calcareous element which occurs 
with the schists in the ^our series of rooks. 

The marble, except locally in some of the temples, has not been used for building 
purposes. It is much jointed on the surface, and has been a good deal crushed by tilting 
into the present vertical position of its beds and by the trap dykes which traverse it. 
But it seems probable that large blocks might be extracted, and it is possible that portions 
might be obtained of sufficiently fine quality for statuary purposes,* but I am not aware of 
any attempt having been made to use it in this way. 

I must addy however, that aooording to Dr. Balfour's Cydopcedia, a block sent to the 
Paris exhibition of 1865(F) was pronounced to be equal to Italian marble for statuary 
purposes. 

Several localities in Bengal might be mentioned, where more or less pure crystalline 
Hmestones occur, but these are not of much economic importance. Silica, tremoltte, and 
serpentine are the chief foreign minerals which occur in these crystalline calcareous rocks. 

In his work on building stones, Mr. Hull mentions among other localities Syepore, Gya, 
and Durha in Bengal as localities where marble oceurs in India. The name Syepore (whence 
the mineral called Syeporite) has its origin in a clerical error, and the names should stand 
as Jaipore or Jaiptir, as it is now spelt, and Jaipiirite. I am not aware of any marble being 
found at or near Qya, though the black basalt used in the temples there may very possibly 
have been so called by some visitor or antiquarian. As for Durha I am quite unable to trace 
any place bearing the name in Bengal proper. Possibly it may be Dura, near Bhurtptir, in 
the Agra district of the North-Westem Provinces. If so, the marble in use there probably 
oomes from Jaipur. 

In the Ehasia Hills it is said that much of the nummulitic limestone would produce 
most durable and occasionally vary handsomely veined marble. It would answer well for 
ordinary*purposes, chimney-pieces, slabs for tables, garden seats, and for flooring tiles. 

In Southern India there are several well known localities where more or less ornamental 
and durable marbles are obtained; samples of these have been from time to time ooUected, 



• Some ptrtt are obriooil j too nlicioas to be so employed. 
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polished and exhibited both io M adrfts and Bnrope ; fiivorable reports hare been pnbliahed, 
and there the matter has been allowed to rest* 

< 

In the Palnad, according to Mr. King, there are some particalarly well colored marUes. 
There are also breccia beds of varioas colors ** in the western scarps of the Jummalmndgoos 
and the bottom of the slates in the Chej-air field." Dr. Balfour describes the marbles d[ the 
ISadapa District as being of yarioos shades of greexu 

■ 

At Coimbatore, according to Mr. H. Blanford* there are orystalline Hmestones *^ suscep- 
tible of a high polish, and very transparent* which wonld aff(»d a very beantifnl material 
for internal decorations, the effect of which would be enhanced by the judidons selection 
of slabs of various tints. Pink and grey, occasi(»uiIly approaching white, are the prevailing 
colors of the stone." 

In Burma, for statuary purposes, marble is laigely employed. The material for the 
well known sitting and recumbent figures of Ghiudama is said to be obtained chiefly from 
the Tsygen Hills near the village of Mowe in the district of Madeya. 



]f«dlleott, J.— Neibndd* ... Mem. Cteol. 8wv., bdis, II» p. laSb 

Oldlism, T.— KImmU HIUs ... ^ „ I. p. 18& 

Bhmford.— Coimbatore ... „ ^ I* P- 247. 

King, W.—TrichinopoU md Kadaps . „ lY, p. 370, ft Vin, 

Keene.--Agrs— Stone Indostiies of Agra. 
Powell, B. H.— Punjab— Pnz^b Prodncta. 
Balfoor.— Madraa, &c.. Art. Marble— QydopoBdia. 

v.— Gypsum. 

As a building stone gypsum has been very little used in India. To some small extent 
it is manufactured locally, where it occurs, into ornaments, and is occasionally employed for 
mixing with lime to produce a hard and shining surface on ohunam work. Hie manufiscfciiiv 
of plaster of Paris from calcined gypsum appears to be nnpnotised by and nnknowB to the 
natives. 

Gypsum in quantities of importance and deserving of notice is found only, . so far as 
I know, in the Salt Bange in the Punjab, parts of the Lower Himalayas, Spiti, Each, 
and Madras. 

Its manner of occurrence at these various localities varies much. 

In the Salt Bange, according to Dr. Fleming,t gypsum occurs scattered in irregular beds 
snd huge mass throughout the marl in which rock-salt also oocnrs. It is " for the most pari 
of a light grey color, with a shade of blue and translucent on the edges. It has a saocharine 
appearance, but masses in which a coarse erystaUine structure prevails are by no means 
uncomnion. Bed varieties also occur, and beds of a dark grey earthy gjrpsum are generally 
associated with the saccharine kind." 

It is siud to be very abundant at I^nd Dadun Ehan. It also ocenrs at Mari Kalahagh, 
and Surdi, where it contains quarta-crystals of various colours, which are known as Mari 
diamonds, and are much used by the natives for necklaces, &c The mari on Mount Kuringii 
is also said to contain abundance of gypsum. 

Dr. Fleming suggested the gypsum of Find Dadun Khan being made use dE by tbe 
Public Works Department for building purposes. 

The marl in which this gypsum ooours is considered to be of Silurian age. 

I - r- --■■■■ - - — ^ — ^ ■ ^ , 

* Aoooiding to Mr. Balfour's QyclopoBdia: "^Qpeotanais sent to tbe great exhibition in 1861 were f!avomb|j 
reported npon aa indicative of a valnable material, adapted to scnlptoral and ornamental porpoaea. 
t Joor. As. Soc, Bengal, XXII, p. 280. 
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In Ifr. Medliootffl aoooont of the Sab-Himalayui rocks of North- Western India* he 
ststes that gypsum oeoors in several parteof the distiict ; it is found in hunps in the&mi|^i- 
noos dajB of the Bnbathn groap, and at Bahansadhara, below Masoiit it oocuxs in small 
irregular veins throngh limestone. 

Mr. Mallet has described the deposits of gypsnm in the Spiti valley. He believes them 
to be derived from thermal springs^ as the masses ooeor at all levels unstratified and amor* 
phoQs, and what is more to the point, the thermsl springs are at present depositing gypsum 
with the carbonate of lime. The origin is traoed to chemioal reaction betweenf iron pyrites 
and carbonate of lime» the former abounding in the underlying black slates. 

Mr. Mallet concludes his observations thus : ** The compact unaltered portions of the 
gypsum are of a snowy whiteness, and would fonn a beautiful material for ornamental pur- 
poses. An of it, from its apparent purity and freedom from iron, Ac., might be manufac- 
tured into veiy superior plaster of Paris. One fatal bar, however, exists to its economic 
employment, namely, the mountain carriage across the entire breadth of the Himalayas." 

In Each Mr. Wynne} reports the existence of gypseous shales below the reg^ar 
nnmmulitic beds ; but the deposit oi gypsnm appears to be inconsiderable there. 

In Madras gjrpsum oocnrs in several places. ''It is most abundant in the Ootatoor beds 
(cretaceous), especially in the belemnite days to the east of Ootatoor and in the unfossiliferous 
clay to the north-east of Muravuttoor.§ 

It might be obtained in any quantity for ordinary purposes, such as moulds ; but for 
casts it is generally too impure ; however, selected portions, chiefly in the form of transparent 
plates of selenite, would answer for a small demand for the latter purpose. 

Dr. Balfour, in his Cydopoedia, besides the above, also enumerates the following localities. 
TheChingleput IXstrict, Sadns» Ennore, the Bed Hills, Nellore, Masulipatam, and Bangalore. 

Gypsum is used by the natives medioinally, and can be obtained in most bazars in small 
quantities. 

VI.*-Obraxs]ital Sionbs. 

The use of ornamental stones in buildings in India, either in the way of mosuc or on a 
larger scale, has not been much practised latterly. 

Probably the finest extant example is afforded by the inlaid work in the Taj at Agra. 
The following is a list of the stones used there as ascertained by Dr. Voysey :— 



Name, 
I«piaLasnli 

Heliotrope 

Chalcedon Agate 

Chalcedony 

Gomeliaii 

Sarde 

Pksma, or Quartz and Chlorite ... 

Yellow and striped marble 

day slate 

Nephrite or Jade 



•• 



Loealiiy. 
Ceylon and Thibet 
Bssaltic trap of Hindustan. 
Basaltic trap of Hindustan^ 

Basaltic trap of Hindustan ; also from 
Sone and Narbada. 

Basalt of Dekan. 
Guzerat. 
P 
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The foUowing paange will give some idea of the ebbarafte chaneter of theie hmwucb : 
''A eingle flower in the eeraen aiomid the tombs, or Sueophagi, eontama a hnndied etonea, 
each cat to the exact shape necessary, and hi^y polished ; and in the interior alone of the 
building, there are several hundred flowers, each containing a like nnmber of atones." 

In various parts of the bassltic areas of India varieties of agatea and jasper oeeor in 
considerable abundance, and are collected and sold to lapidaries, who cut them into aaefol 
and omamentsl arttclea; but they are not much used for munJ deoorttion or mosaics at the 
present day. In the valley of the Narbada and Sone such pebblea are found somewhat 
abundantly. I believe there is no esse of the originsl matrix, the basalt» beii^ worked for 
them, but the graveUy beds of some of the tertiary rooks, which consist mainly of debris 
from the basalty are mined in sereral places. In Western India the mines at Buttunpur, east 
of Broach, are the principaL The stones found there are sold to the lapidariea of Gsmbaj and 
Jabalpdr. 

In the Bigmehel Hills very beautiful agates, common opal, and other varietiea of ailiea 
are abundant, but are not^ so far as I know, sought after or collected. 

At Vellum, in Trichinopoli, some tertiary grits contain pebbles of rock oyatal, smoky 
quarts, cairngorm and amethyst^ which are cut by the local laj^daries. 

VojMj, Ailitio Bautfohet, VoL XV, p. 480. 
BUaford, Htm. OeoL Sorr., India, Vol. VI, p. US. 
Kiaff, Mem. OmI. Soit^ India, VoL IV, p. S70. 
Xacae cm the Btone.IadaaMei of Agn, 1878. 

YII.— LiXESTOHS. 

Under the head of Mabbib I have separately described those varieties of limestone 
which, from their crystalline structure and ornamental appearance, are entitled to be so 
dignified. In the present section I shall confine myself to an account of the chiefly, but not 
exclusively non-crystalline rarieties which are used or are available for use as building 
materials or for the manufacture of lime. 

ISy &r the most important deposits of rock limestone in the northern portion of the 
peninsula of India are those which occur in the Vindhyan series. In the lower Yindhyana 
occurs a group of thin-bedded limestones which in the places where they are best exposed 
have a total of Bereral hundred feet in thickness. At Bot6sgarh it b chiefly quarried for 
burning. It is brought down the Sone in boats and into the Ghmges, by which meana it is 
distributed over a considerable area of country. When the Sone canal is opened this trade 
will probably become more regular, and it b possible that Calcutta may be supplied from this 
source, a contingency much to be desired in view of the great expense of Sylhet lime» which 
is that which is principally used at present. 

Attention has been drawn to this limestone too as being, within a reasonable distance, 
the only source of a material of steady, known oompositiou capable of affording a suitable 
flux for employment in the proposed iron-works in the B&nigaig country. 

It should be mentioned, however, that the steady compodtion can only be depended on 
in individual layers, as the proportion of associated argillaceous matter varies in successive 
layers. 

This rock has been traced as far west as the neighbourhood of Katni on the Jabalpdr 
line ; at Mdrw&ra, Ac., quarries have been opened where the Jabalpdr railway crosses the 
outcrop. 
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Higher in the Yindhjan serieB the Bandar group inolodes a limestone which is not only 
used as a source of lime, bnt as a boHding stone in the Damoh district, Where it is preferred 
to the lower sandstone ; the same is said to he the case in the yiciniiy of Nimaoh. 

Some of this stone was reported on favorably for lithographic pnrpoees, bat it has never 
come into nse. 

In several parts of Bengal occupied by the metamorphic rocks limestones occur, but 
they are in general too much impregnated with foreign minerals to be of use either as build- 
ing stones or as sources of lime. 

In the neighbourhood of the Eh&si Hills the so-called Sylhet limestone is extensively 
manufactured into lime for the Calcutta market. The principal factories are at Ch&tak and 
Sonamganj, and along the banks of the river Sdrma between these two villages. The 
quarries are " near the village of Tungwai or Tingye, from which the stone is brought to the 
neighbourhood of Pondua and to Ohi&tak. Other very large quarries are in the vicinity of 
the great orange groves between Teria-gh&t and Lac&t, from which also the stone is con- 
veyed to Ch4tak for burning.** This limestone is of nummulitic age. 

Under the head of marble will be found a notice of the portions of it which come 
under that denomination. How far it has been used as a building stone, locally, I have no 
information, bnt there is no reason to doubt that good building stone could be obtained. 

In Western India limestones occur in the metamorphic and the Bijour series; they 
are, however, usually too silicious to be employed in the manufacture of lime, and I can 
find no notice of their being employed as building stones ; but some of the highly calcareous 
B£gh beds and the nununulitic limestones of Quzerat are used to a certain extent. Kegard- 
ing the latter, Mr. W. T. Blanford says : ^ It is difficult to obtain it in large masses, or to 
trim it neatly. It is employed by the natives for bowries, temples, &a, other compact calca- 
reous beds being used for the same purpose." 

In the north-west of India the limestones of the Lower Himalayas are, some of them, 
applicable to building purposes, and "some fit for ornamental or monumental purposes 
might be found among the ihick-bedded, hard limestones of the Krol group." 

The lime in this area is chiefly made from a porous tufa, which occurs along the flanks of 
the limestone ridges. 

In Southern India limestones of at least three distinct geological periods are used as 
building stones. The oldest of these are the crystalline limestones of the metamorphic 
series. At Coimbatore there is a limestone belonging to this series which has attracted some 
attention, as it would make a good building stone as well as being a source of lime ; while 
portions are highly ornamental, as is mentioned under the head of marble. This limestone 
is described by Mr. Blanford in the Memoirs of the Geological Survey, and at greater length 
in the Madras Journal of Science. Mr. King also, in his G^logy of Trichinopoli, mentions 
this rock and gives some additional localities. He states that it has been used as a building 
stone in connection with the Madras and Beypdr railway, and has given complete satisfaction. 

The two series of metamorphosed rocks ocpnrring in Southern India, and which are 
known by the names Kadapa and Kam61, each contain limestones. For building pur- 
poses those of the latter seem to be the most important. The Kamdl series belongs, it 
is considered, to the same general age as the Yindhyan of the northern parts of India. 
Mr. King remarks in reference to these rocks. *' The limestones, where they are at hand, have 
been largely, used by the people of the country, the lai^r villages in the Khoond-air valley 
having their better houses built of well-selected and dressed Nei^ee beds, while the wells 
of the Kadapa and this valley are all lined with this stone." Mr. King anticipates that the 
railway and canals will tend to develope the use of these building^ materiab. 
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There are still to be menti<med the limestones of oretneeous age which ooeur ia 8oath- 
em India. * These are of two kinds, one being pniely sedimentary, the other dMiyed from 
coral reefs. As building stones they are somewhat eztensiTely used by the natiyesy bnt^ 
according to Mr. H. Blanf ord, " are ill qnalified for exposed eacteriors, where they rapidly 
yield to the heavy tropical rains." 
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Medlicott ... Lower Himalaja, Mem. GeoL Burr., India, III, p. 17SL 
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PoBXBXrKDXB StOKB OB MiLIOLITX. 

The name miliolite was given by Dr. Carter to a rock which is fonnd in the neigh- 
bourhood of Porebunder in Gnzerat. Though somewhat oolitic in structure^ it is not of 
oolitic age, and therefore the above name was given to distinguish it 

It is considered to be of newer tertiaxy, probably pliocene age. In Guierat its greatest 
development is in the Gir Hills, where, as also in some of the valleys, it rests upon an 
arenaceous day. It is a wide spread deposit^ and is said to occur on parts of the coast of 
Arabia and in Kach.* 

As it appears in Gnzerat it is a somewhat coarse calcareous grit, abounding in forami- 
nifera towards the west, but containing fewer organisms, and being more argillaceous 
towards the east. As a building stone it is admurably suited to many purposes, but is said 
to be incapable of sustaining great pressure. It is hugely quarried about twelve miles 
from Porebunder, from whence it is shipped to Bombay and other places. 

In Bombay it has been largely used for building purposes, more paiticulariy in the 
construction of the recently erected Government buildings. 

Carter ... ... Geology of Western India. 

Theobald ... ... » GaBerat,M.8. 

Wynne ... ... Kach, Mem. GeoL Burr., India, IX, p. 81. 

Balfour ... ... Qyelopoedla. 

Merewether ... ... Boilding atone in Western India, P. P. of I. E., VI, 1800, p. 137. 

KUBKITB OB GOTIK. 

The calcareous concretions which occur in the alluvial clays, and which are known under 
one or other of the above names, occupy a very important position as a building material, 
being in very many parts of the country the only source of lime. In addition to this, some 
of the more massive varieties are used as building stones in parts of India as in the Central 
Poab. 

In the bridges on the Ganges Canal between Bdrki and the Nanun Fork block 
kunkur has been largely employed, except for the archwork. In the case of the Kasimpur 
bridge the external faces of the arches themselves have, however, been made of this materiaL 

In the vicinity of this section of the canal the block kunkur is readily procurable. 

Block kunkur was also much used in the bridges on the Fatehgarh and Eoel branches 
of the Ganges Canal. It is thus described by Colonel Sir Proby T. CauUey : " In extremes, 
the stone may be described, in its most perfect state, as a gray semi-crystalline rock, tough, 



* The Kach rock, which haa been sappoffMl to represent the miliolite, fi^ according to Mr. Wynne, devoid of 
organiBms. 
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wiili oooasiomJ amygdaloidal or irregalarly shaped hollows, dispersed through its mass, the 
hollows heing filled with earth. Id its most imperfect state (I allude simply to the hlock 
konkur which is ayailahle for hnilding purpoees) these hollows ave more numerous, and they 
gi^e to the rock a honeyoomhed appeaiance to which I have before adverted. It is found 
in ezten^ve tabular masses or strata (generally accompanied by sand), the upper and lower 
sides of which are slaty and apparently imperfectly indurated; the induration, in fact, 
increases towards the centre, where it is frequently of the hardest description of the newest 
lime rocks, and of a crystalline character." 

Owing to the honeycombed surface of the stone, it was found necessary to protect it by 
stucco from the direct action of the water and of the atmosphere. This rock has also been 
used, where readily obtainable, in the construction of buildings connected with the railroad. 

Block kunkur, similar to the above, is obtained in parts of the Jamna below the ordi- 
naiy water level. Its more common form is in nodules, and in this form its occurrence is 
so general throughout alluvial soils in India wherever they exist that it were useless to 
attempt to indicate its geographical distribution in detail. 

The better qualities of kunkur contain 70 per cent, of carbonate of lime ; from this down- 
wards the proportion constantly varies with the amount of clay or sand which is taken up. 

Besides its usual employment for mortar, it is, when burnt and powdered without 
slaking, an excellent material for hydraulic cement. To this purpose of course only certain 
varieties are applicable. 

Yin.— Sakdstokbs. 

Several of the recognised formations in India afford sandstones admirably suited for 
building, and some of them have from very early times been largely drawn upon for the 
supply of materials for this purpose. 

Among these formations the great Yindhyan series stands pre-eminent. The difficulty 
in writing of the uses to which these rocks have been put is not in finding examples, but in 
Selecting from the numerous ancient and modem buildings which crowd the cities of the 
North- Western Provinces and the Gangetic valley generally, and in which the stone-cutter's 
art often appears in its highest perfection. 

The Lower Yindhyans,* consisting for the most part of shales and more or less flaggy 
limestones, and firom the inaccessible position of the rooks in some of the principal places where 
they occur, as in the S6n valley and Bandelkand, have not been worked to any great extent. 

The EiumdrB, however, have been worked extensively at Chun&r, Mirzapdr, and Purt&b- 
pdr, as well as at minor intermediate points. The sandstones are in general fine-grained 
and of reddish-yellow or greyish-white colors. They occur in beds which are said to vaiy 
m thickness— at Purt^bptir and similarly elsewhere, from 6 inches to 8 feet These beds often 
spread for long distances without any joints or fissures to break the continuity, in conse- 
quence of which very large blocks can and have been extracted for various purposes. 

In the Biwa group, overlying the Eaimdrs, the sandstones are not so much used for 
building purposes. 

" This is due partly to the beds being frequently coarse and harsh, and greatly subject to 
false bedding ; partly to the fact that the Biwas do not occur much dose to the Gangetic valley 
or to large cities. Some portions are, however, of superior quality, and supply all local wants." 

Above the Itiwas come the Lower Bandars, which are described as being, for the most 
part, coarse, harsh, and gritty, and occurring only in thin beds. 



* The following particalan are chiefly taken from Mr. Mallet's Memoir. 
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The Upper Band6n» however, make up for the defidendee of the underlying group hy 
affording two vaxietiee of excellent building stone, one daik-red, sometimes quite nnspotted, 
sometimes streaked and dashed with yeUowiah-white spots. 

The other is a yellowish-white, veiy fine grabed rock, peifectly homogeneous both in 
texture and colour. 

The latter is said to be, on the whole, the better bmlding stone on account of its mors 
uniform coloring and its being not so liable to disintegration finom the effects of long con- 
tinued exposure. 

Probably the earliest use to which any of the rocks of the Yindhyan formation were 
put to was in the manufacture of stone implements, many of which, formed of the denser 
indurated varieties of sandstone, have been found in India. 

So far as I have been able to ascertain there are no cave temples, or at least none of 
much note in the Yindhyan sandstones. But there are memorials of a very different claas, 
many of which date from a period before which the idea of using stone in the construction of 
houses had not been entertained. At any rate, there are no buildings or remains of buUdings 
which can with safety be regarded as belonging to so remote a period.. 

These memorials are the g^reat monoliths or IdU, many of which bear the edicts of 
Asoka, the protector of the earliest Buddhists, and who reigned about 260 B. 0. Besides 
these pillars he is said to have erected 84^000 Buddhist sanctuaries called stupas or topes.* 

Some of these monoliths are of great size, and are generally polished throughout the 
portion intended to be exposed. They were surmounted by carved and ornamented capitals^ 
upon which figures of lions or elephants were pUced* 

The polished portion of the shaft tapered uniformly from base to summit, and in every 
way these remarkable monuments testify to considerable skill in the stone-cutter's art. StiU 
it would appear that this art was not madle use of in the erection of buildings, and when 
the first stone templesf were excavated and adorned a century later, the stone architecture^ 
as pointed out and described by Mr. Fergusson, was a ''mere transcript of wooden forms," 
showing that at that time the art of using stone for these purposes was only being then first 
adopted, and that though the material was changed, the workmen continued to use the 
designs suited to wood. It was only gradually through several succeeding centuries that 
the forms and designs became suitable to the material.]! 

' It is considered by the best authorities that the palaces, temples, and buildings generally 
of those early times were mainly constructed of wood, as they are for the most part in 
Burma and Siam at the present day. 

The resemblance between these monoliths and those of Egypt, some of which have been 
taken away into Europe, cannot fail to strike the attention. The connection is believed to 
be more than a mere apparent one, the discussion of which, however, belongs to the province 
of the Antiquary. 

As these Idts afford the most striking evidence which can be given of the sixe of the 
stones which are obtainable from the Yindhyan sandstones and the durability of the material, 
I append the following enumeration of the principal of them which are known. The details 
are diiefly from Oeneral Cunningham's Archseological reports : — 

• Balfour's QjdopadiA, Artloto Aioka. 

t Stone monniiMiiti, Fergiunon, 1S7S, p. 4M. 

t It is right to add that this dsdaotion of Mr. Fergoason la contested by Baba Bi^endra Lai Mitter. Set 
4oiir. As. Soo« Bengsl. 
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The qiuurrieB at Dehri on the 8611 aie the most enstern of all those which have been 
opened in the Vindhjan rocks. At present they aie lai^y worked in connection with the 
S6n irrigation and canal projects. The stone is a oompaot whitish sandstone snsoeptible of 
artistic treatment, and, what is of more importance for the present purpose to which it is pat, 
strong and durable. 

The next point of importance where there are qnarries is Chaxi£r. The vicinity of the 
Ganges has, daring a period of at least 2,000 years, afforded a ready means of transport for 
the exceDent building stones which are obtained from the Kaimdr rocks at Chnnir. 

The East Indian Railway now affords an ad^tional means of transport, bat is, however, 
I believe, not very much used for the purpose, ?rater carriage being so very much cheaper. 

Benares, and other dties and towns of less note, both in ancient and modem times, have 
largely used Chunir sandstone. The gh&ts at Benares, the palaces, the walls, the minarets, 
and many of the temples are built of this material. To Calcutta a certain quantity is brought 
for paving and tombstones, Ac. The only stone church in Calcutta is St. John's, which is 
built of Chun&r stone. 

It has also been used to some extent in other buildings in Calcutta, but for paving par- 
poses, as has elsewhere been shown, the so-called Burdwan stone has also been employed. 

The next quarries to be mentioned are those of Mirzapdr, which, with those of Purt&bp£r 
and Seor&jptir, have supplied Mirzaptir and Allahabad with material for the construction of 
their buildings, both ancient and modem. The stone for the Jamna bridge was, according to 
Mr. Mallet, obtained from some quarries a few miles up the river, whence it was brought 
down in boats. 

From this 'the limits of the Vindhyan rocks sweep south?rards in a great bay, and the 
next place where they have been worked to any large extent is in the neighbourhood of 
Gwalior, where they have been used in the constraction of forts, temples, Ac. It may be men- 
tioned too that in the exposed faces of sandstone there are carved some figures of Titanic 
dimensions. 

Although, as was remarked, the sandstones of the Biwa group are not generally used, 
still " in the neighbourhood of Hosungabad and also in the Sfpri and Gwalior districts some 
thin red flags from | to 1 inch thick are much used for roofing." 

Perhaps the most important quarries in India are those in the upper Bandars to the 
south of Bartptir, at Fatipar Sikri, and Bup&s, which have furnished building materials since 
before the commencement of the Christian era to the cities of the adjoining plains. Por- 
tions of the Taj at Agra, Akber's palace at Fatipfir Sikri, the Jamma muqid at Delhi, 
and generally the grandest and the meanest buildings in Agra, Delhi, and Mutra (Mathura) 
have drawn upon these quarries for their materials. 

To quote Mr. Mallet again : " The palace of the Bajah of Bartptir at Deeg, which ia 
regarded as one of the most beautiful edifices in India, testifies at once to the excellence of 
the stone employed and the skill attained by the stone-cutters of that district Cupolas 
resting on slender shafts of 2 and 3 inches diameter, arches supported on strong, yet giaoefol 
pillars, windows formed of single slabs of stone perforated into the most elaborate tracing, 
meet one at every turn." 

In conclusion, it may be mentioned that the sandstones both here and at Chun&r have 
been laigely used for telegraph posts ; the facility with which some of the varieties split 
renders it possible to obtain posts 16' long of material which will resist white ants and the 
action of the weather. 

Thus the anciont pillars of Vindhyan sandstone have been instrumental in annihiLiting 
time by preserving in an imperishable record fragments of the kistoiy of upwards of two 
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thottiand yean ago» while the posts of to-day have been snbsenrient to the deetnicitioii of 
spaoe, £or it may be said that the telegraph which bean our messages from Cyoatta to 
PeshawTir orer a distanoe of IfifX) miles in a few seconds of time practically overocmes space. 

The preceding remarks refer only to the Vindhyan rocks, as exhibited in the great Yin- 
dhyan and associated ranges on the sovth of the Qangetic valley. In order to complete this 
notice, it will be necessary to allude to the oocorrence of rocks bdieved to belong to the 
same geological period in other parts of the peninsula. 

Between Sambalptir and Baiptir in the valley of the M4h4nadi, a series of sandstonee, 
shales and limestones, considered to be contemporaneoos with some of the Vindhyan series, 
ocoopy a considerable area. Bat in that wild part 4si the oonntiy there has as yet been no 
local demand for building stones. 

Again, rocks referable to the Yindhyaa series oconr in the country to the south 
of N&gp^, in the region about the confluence of the Wmnganga and Waida riven. 

In the EamU district south of the Eostna there is another series of limestones, shales 
and quartzites which is considered to be referable to the Yindhyans. 

Mr. King, in his description of these rocks and the underlying Eadapa formation, says : 
'' There is no lack of good and easily wrought stone all over the district ; but these can only 
become of value as they are locally required or as the means of communication are opened 
out over the district."* 

For further examples of the uses to which these sandstones have been put in ancient 
times reference should be made to General Cunningham's Archaeological Survey Beporte. 

Among the sandstones of the D&mtida series (the representative of the carboniferous 
period in India) there are several varieties which are suited for building purposes and which 
have already to a small extent been made use of. 

Throughout the D&mdda valley where these rocks occur, they have been used in the 
construction of temples, some of which are of considerable antiquity. Among the finest 
examples three Jain temples at Bar&kar are deserving of particular notice, as exhibiting some 
rather elaborate carving which has stood well. 

But still more ancient work in this material is to be seen in the caves of Sirg^ja and 
Ch4ng Bokh&r, which bear inscriptions in the old Pali character, testifying to their extreme 
antiquity. 

In recent times the sandstones at Bar&kar have been quarried largely for local use in the 
construction of the Bar&kar bridge and for various purposes in connection with the East 
Indian Bailway. A considerable portion of the new High Gourt in Calcutta is also built of 
this material. Being readily accessible at the terminus of the Bar&kar branch of the railway, 
this rock will probably always be more or less used for purposes to which brick is not suited. 

In Haz&rib&gh and B&nchi some of the sandstones of this series have been used to a 
small extent, and the flaggy beds of the underlying T61chin to a somewhat laiger extent for 
paving the European barracks, &c 

Beferences to these sandstones will be found in the numerous reports on coal-fields 
in the Mem<nn and Becords of the Geological Survey. 



"VojMij, OD the bnildSng BtooM sod Monio of Akberabad or Agn, Aiistio BeiMicbet, XV, 18i9, p. 429. 

Owen, PartAbptir ttone qaairlM, P. P. on I. £.. II, 1806^ p. 81. 

Blanfovd, W. T., WMtern India, Mem. Oeol. Burr., India, VI, tlS. 

Mallet, Vindbjan aeriee, Mem. Oeol. Burr.. India, VII, p. US. 

King, Kadapa and KarnOl fonnaUona, Mem. GeoL BarT., Indij^ VIII, p. IBL 



118 Beeords of tie Oeologieal Survey of India. [vol. yii. 

The sandfltoiies of the Tariocu gnmpe indnded in the UU^tMAsk series have been largely 
used ; the members of the lower gronps are, however, in many ommb either too fimUe or 
contain too mnch iron to be lasting when exposed to the atmosphere. 

In the Bftgra gronp, a sub-division of the Mfth&d^v&s, there are sandstones applicable 
to building purposes, and which have been used to some extent locally. The Tawa viaduct is 
built of these sandstones.. 

Some of the beds of sandstone in the Jabalp6r group yield an useful building materiaL 
A very dense indurated variety, which ooonrs in the station of Jabalp6r, has been quarried to 
a considerable extent for local purposes.* The viaduet over the Narbada below Jahalp6r 
furnishes the most important example of the applioability of the sandstones of this group 
to building purposes. 

Close to Kat4k (Cuttabk) there are some sandstones whioh Mr. Blanford considers to be 
younger than the Mih&d^Wu, but the exact age of which is, firom the absence of fossil remains, 
still uncertain. These sandstones were used in the construction of temples at Bobaneswar, 
and to some extent for Tarious building purposes in "KaMUk ; but laterite and gneiss seem, 
to have been more largely employed. Some ancient caves at Eundageree have been exca* 
vated in these rocks.t 

The intertrappean rooks of the Bajmehal series, whose contained fossil plants present a 
markedly Jurassic facies, consist of sandstones, flag beds, and shales. The two former aie 
occasionally empbyed for local building purposes, but cannot be considered to be of much 
importance. 

The compact sandstones of this series at Conjeveram and several other places offer, 
according to Mr. Foote, a very easily dressed and moderately durable building stone. 

In reference to the jurassio rocks of Kaoh, Mr. Wynne says : ** The finer grained 
slightly calcareous yellow sandstones of the lower Jurassic group form tolerable building 
stone ; and some of the dose, hard silidous gpit bands, though difficult to trim or dress fine^ 
would afford a very lasting material for rough work." 

Several other sandstones are locally used. Mr. Wynne gives a list of the different 
building stones used in Bhi^, as furnished to him by His Highness the Bao of Kach. 

Bocks of this age are found in the Bi^mehal HiUs, Utatdr (Ootatoor), and at varioua 
places on the east coast between Trichinopoli and the God&veri and in Each.]; 

The B^h beds, which belong, it is considered, to the cretaceous period, contain some 
good sandstones suited to building purposes. Mr. Blanford, in his report on Western India, 
says : " The massive sandstone of the D^va and those which occur throughout the country 
to the south of Allir&jpdr and B6gh would furnish excellent material. Thegpitty calcareous 
bed at the top, where it is not too dierty, would be well adapted for construction and could be 
easily worked.§ 

• Medlioott, Itooordi, Qeologloil Sur? fy, V, p. 77. 

t Btfvnnmu 

Building mitoriali of the district of Catttck, Joor. Aa. 8oc^ Biogsl, XI, Pk 896. 
MMDoin, Oeologieal Sonroy, I, pp. ttO aod S77. 
Beeordi. Qeolofleal Smrrfy, Y> p. 9. 

Oldham, Joar. Aa. 8oe., Bengal, and FaL Ind. 

Foots, on the Seology of Madiaa, Mem. GeoL Bunr., India, VoL X, p. 13S. 

Wjnne, Geology of Kach, Mem. ^eol Soir., India, VoL IX, p. 93. 

§ Bhinford, Western India, Mem. OeoL Sorr., India, VI, p. 380. 
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The rocks of the Sivftlik and N&han gronps which represent the npper and middle 
tertiary period of Europe are generally too nnoonsolidated to form durable building stones. 
These rooks, as is well known, form the outer ranges of the Himalayas at various plsces 
from west to east- 
Mr. Medlioott remarks : '' Those stations, as Dagshai, Easaoli, Subathu, Dhurmsala, 
which are built on the eocene groups of the Sub-Himalayan series, have an unfailing supply 
of good building material in the massive sandstone rocks. Among the dder rocks there is 
no stone fit for anything but that lor which rough rubble may be used. There are several 
examples of native architecture along the border of the plains for which an excellent 
building stone was obtained from rocks of the Siv&lik group, but it must have been found 
in detadbed blocks and discontinuous bands, the mass of the rock being quite unfit for the 
purpose. Stone fit for ornamental or monumental purposes might be found among the 
thidL-bedded, hard limestones of the Erol group.*** 

QUABTZITBS. 

The gradation from the loosest and most granular sandstone to the most intensely 
vitrified quartzite is so complete that it is impossible to draw a sharp line of demarcation 
between them. I therefore place the quartdtes with the sandstones in this enumeration. 
Were the arrangement a purely geological one, a laige portion of them would have to be 
classed with the schistose or gneissio rooks. 

If we except those varieties of the Yindhyan and Eamdl sandstones which are some- 
times called quartzites, the use of rooks coming under this denomination has been very 
inconsiderable. Indeed the only instance known of a quartiite bung regularly quarried is 
in the Susinia Hill in M&nbhtun. The works there were carried on for some years by the 
Burdwan Paving Stone Company, and large quantities of the stone have been used in Calcutta 
for pavings, copings, and other similar purposes. There are several varieties of this material 
found ; in some there is a large proportion of felspar, when it should be called granulit 
rather than quartzite. 

Although these rocks have been bo littie used, the B\jaur or submetamorphio series, in 
many parts of the country, afford quartzites suitable for building purposes ; wherever these 
occur in the vicinity of 'Vlndhyan sandstones, the latter will naturally be prefianed, as they 
are in most instances much more easily worked. The vitreous fracture of many quartzites 
is in fact a bar to their employment where much finish is required. 

IX.— Latbbztb. 

The term laterite has been applied generioally to a group of rocks which play an 
important part in the superficial geology of India. The common character which persists 
throughout all the varieties of laterite is the possession of a f erru^ous element which is 
in the form of brown hydrated peroxide on the surface, sometimes as the black magnetic 
ore inside. The reddish-brown appearance, due to the presence of the peroxide, explains 
tiie origin of the name (laier, a brick) which was, I believe, first conferred upon it by 
Br. Buchanan. 

The various forms in which laterite occurs are due to differences of composition and 
differences of structure. The combinations of these two qualities produce almost infinite 
varieties. The principal structural varieties are either nodular or cellular, the former being 
the yooBgisr, and it is supposed, in a measure, derived from the latter. The vaipieties in 
composition vary much in the quantity of the peroxide which they contain and in the 
character of the other materials. Botii dasses pass off into mere detrital laterite^ tp the 
ferruginous element in which they have no doubt mainly contributed. 



« 

« MedllcoU, Mem. G«ol. Sonr^ Indls, III, p. 176. 
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This is not tbe place for going into details or enumerating the Tariona theories which 
have been suggested to account for the origin of this most singular deposit. It may be 
mentioned, howerer, that no theory accounts satisfactorily for the sonvoes whence the laige 
amount of iron can have been derived. 

The distribution of laterite in India is widespread throughout the P^nsnla, Ceylon, 
and in Burma. It occurs not only as a costal deposit underneath the Eastern and Western 
Ghftts, bat also in many parts of the interior, not unfrequently cap^ng lofty hiUs and 
plateaus to a depth of several hundred feet, often producing the dead level surfaces which 
constitute a striking feature in Indian scenery. Although perhaps it shows its finest dere- 
lopment on or in the vicinity of trappean rocks, it occurs resting on rocks of all periods, 
occarionally far removed from any exposure of trap. It has not been observed, I believe, in 
any part of the Himalayas. 

As a building stone, though it can hardly be called ornamental, it possesses some qnali- 
ties which render it acceptable in the eyes of the natives ; it is easily worked, hardens on 
exposure, and wears welL In the costal districts many temples, some of considerable anti- 
quity, are built of laterite and appear to have stood well. In the Bajmehal Hills there is a 
small fort built of neatly cut blocks of laterite without mortar. These blocks have retained 
their ori^^nal sharp edges. 

In Midnaptir and Orissa slabs of from 4 to 6 feet long are extracted by cutting 
a groove round the slab above and another underneath, a few wedges axe then driven into 
the latter, and the slab splits off. This or a nearly similar process is used for the extraetion 
of blocks of laterite in all parts of the country where it is worked by natives. 

Mr. King, in his Qeology of Trichinopoli, says : ** Where of poor quality, the laterite 
soon crumbles away when exposed to the influences of weather and moisture, as may be 
seen in the basement of many of the houses in the Fort of Tanjore. The laterite has thera 
weathered away, leaving the walls perfectly honeycombed, and the layers of mortar, which 
are more durable, standing out as a regular net-work." In a note Mr. Foote adds : '' The 
laterite in this case was in all probability badly selected, for in all my subsequent observa- 
tions of this stone as a building material, it would appear that continued exposure to at* 
mospheric influences, or wet, as in the case of tanks or bowries, only tends to improve the 
stone. Most of the religious edifices an4 tanks constructed of this stone show the lines and 
angles of the carvings as sharply as though fresh from the builder's hands." 

Mr. H. Blanf ord also remarks : *' At Andanapet I noticed some carved blocks forming 
part of an old and ruined pagoda the mouldings of which were as perfect as when first cut 
Owing to its porous structure, however, laterite is but little fitted for fine sculpture." 

Laterite has been largely used in the works in connection with the irrigation operations 
in Orissa. The anient on the Eossai at Midnap^ has been altogether built of this mate- 
riaL The stone for these purposes has, I believe, given the engineers much satisfaoHon. 

The Yellour anient at Chetia-tope near Bhowagiri in the Trichinopoli district is partly 
built of laterite. 

Dr. Balfour gives the Arcade Inquisition at Ooa, St. Mary's Church, Madras, and the old 
fortress at Malacca, as examples of its use in the construction of buildings by Europeans.* 



MMmq^flr, Qiin^ Mem. GeoL Bar?., Indift, I, Pk'977. 
W. T. Bltnford, ob Lftterite, Mem. Oeol. Sonr., India, I, p. S80. 
H. Blenfiffd, Soothem Indi*, Mem. Oeol. Bonr., India, IV, p. SOO. 
King, THehinopdIi, Mem. Oeol. InrT., India, IV, p. 871. 
Balfour, C]rclop<Bdia, ArU Latmriit, 
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X. — Slates. 

For building pnrposes, more particalarly for roofing, slates have not been macb used 
in India, except in some of the stations of the North-West Himalayas. This is probably 
due to two causes, the first and principal being that in the oriental style of flat-roofed archi- 
tecture which is generally adopted for British buildings in India, slates oould be only 
partially employed, and in the alluTial districts thdr place is amply filled by tiles. 

Secondly, most of the slates known to occur in India, are either non-cleavable, or, if 
cleiTable, retain also their laminated faces. The laminated slates are difficult to work into 
sufficiently thin kyers, and are not much used, aiB an undue amount of timbering becomes 
requisite to support the weight of slates of this character. 

At Dalhousie there are some huge quarries in which there are slates and schists of 
various qualities. The best are said to be much more schistose than Welsh slates, still 
they are readily fissile, can be easily dressed, and can be obtained of considerable size. The 
fissile plains are in this instance parallel or nearly so to those of lamination. 

The slates in use at Simla* are, according to Mr. Medlicott, distinctly laminated, and 
in every way inferior to those obtained along the flanks of the Dh&oladh&r, and which are 
used at Dalhousie and Dhurmsala. 

Slates, the qualities of which are not so well known, are also obtained at Ferozpur, Pali, 
Chimnawar, and Sonah, all in Gurgaon, and at Attock, Abbotabad, and Spiti. 

At Chit^, in Kumaon, occurs a slate which it was proposed to employ for roofing pur- 
poses at Ranikhet and other places. Mr. Hughes, comparing this slate with the Welsh 
standard, writes : " It differs from the latter in splitting along the lines of lamination 
instead of the planes of cleavage. It is coarser in texture, more silicious (sandy), heavier, 
and hae a duller ring on being struck." The supply is ample for all possible requirements, 
and slabs of a foot square, i of an inch thick, can be obtained easily. 

In the submetamorphio rocks (Bijaur series) of Chota N&gpur slates not uncommonly 
occur. In these the fissile planes are for the most part those of lamination. In M&nbhiim 
I met with a bed, however, which had most distinct cleavage structure, but there was also 
a tendency to split along the layers of lamination ; thus, this rock breaks up into regular 
prisms at the sur&oe, but it is not impossible that a good slate might be obtained, as the 
material is compact and dense. 

In Chiubassa the school^boys have only to run down to the stream near the town to 
obtain a new slate for doing their sums on. 

In the Karakpdr Hills, near Monghir, slates have been extracted. 

The demand for slate is so small in Calcutta that I do not think it probable that these 
slates wiU ever be quarried to any large extent 

In the Champanir beds between Soorajpur and Jumbooghora, north-east of Baroda, 
there are some slates which, as far as can be judged from their appearance at the surface, are 
considered promising by Mr. Blanford. 

In the Bijaur series near B^h there are also slates which are not so fine grained as 
the preceding, but some of which might perhaps answer for roofing purposes. 

* Some of the Blatei which have been used it SimU for roofing templet are nid to hare laited for hoadreda of 
jeara. 
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Claj-slates occar both in the Kadapa and Kjurndl fonnationB in Madna ; bat though 
thin slabs can be obtained, they are not suited for roofing pnrpoees, and where harder and 
more durable stone is obtunable their employment for flag^^g is not recommended. 

PoweU, Pki^Ab Prodaets. 

Medllcott, K. W. Himateju, Mem. 0«ol. Sarr., IndU, III, p. 178. 

Hughes' notes on the sUtes at Chit^ Komaon, Beooids, Geol. Smrr., India, III, p. 48. 

BUtfford, OeologT of Western India, Mem. Geol. Sorr., Indis, VI, p. S17. 

King, Ksdapa and Kamfil fonnations, Mem. Geol. Sorr., India, VIII, p. 181. 



SSCOHD KOTE OK THB MATBRUL8 FOB IBOK MAKUFACTUBB IK THB BXkIGAKJ CoAL-FIELD, 

by Thbodobb W. H. Hughes, ▲. b. s. m., f. g. 8., Chological Survey qf India, 

In continuation of my former papei* on the raw materials for iron smelting in the 
B&niganj field, I have a few analyses of iron ore and kunkur to record which will afford a 
more complete series for computing their values than already exists. 

irofi-ore.—- The percentage of iron in seyeral different samples of ore from various 
spots in the B4nigaig field has been given in the Memoirs of the Geological Survey,t but 
the impurities were not separately estimated. In the following analyses the amount of 
alumina, lime, phosphoric acid, and insoluble residue, besides the iron, is indicated ; and a 
useful comparison can be instituted between the R&niganj ores and those of other countries. 
AH the samples are derived firom the iron-stone measures, known geologically as the iron- 
stone shales group, and they were collected entirely in the western portion of the field : — 



Insolable 
(Silica) 

Besqalozide of iron 
Protoxide of iron 
Alnmina 

Lime... *•• 

Magnesia .» 

Phosphoric acid... 
Snlphnric acid ... 
Loss on ignition 



TotAt 



Metallic iron 



o 
d 

1 



13*6 
(11-6) 

6*25 
•8 
•7 
•71 

••• 

13*6 



lOl-O 



46*80 



o 



10*6 

(s-*) 

S3*2 
18*48 
4-07 
1-0 
*86 
•67 
•66 
16-0 



100*32 



4772 



& 



20*4 
(16*8) 

62*28 
1*08 
6*88 
4*03 
1*8 
1*43 
•«• 
18*2 



100*16 



37*48 



-a 



14*8 

(ia-1) 

66*46 

47 
2-24 

a 

2*06 
a 
9*6 



88*84 



46*6 



I 



18*6 

(16-4) 

00*4 

... 
6*8 
2*9 
•6 
2*2 

• •• 

9*2 



100*7 



42*28 



Hi 

•q 



18-8 
(16*2) 



3*91 
2*88 

a 

2*67 
a 
10-2 



101*28 



44*03 



S3 



21*2 

(17) 

48*82 

8*92 

6-17 

3*36 

a 

2*3 
a 

14*4 



99*17 



37*60 



RSMABKS. 



(c). A Uttle 
and solphnric acid 
oooor in the Ohal> 
balp6r, ChintttM,and 
MaUkoM ores. Being 
small, it was not qnaa- 
tltatively determined. 



* Records, Geological Surrey of India, 187^ Vol VII, Pt. I, p. 20, 
t Memoirs, Geological Survey of India. 1860, Vol. Ill, Art. 1, p. 194. 
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Phosphorus, — An abstanot of the phosphonxs contained in these samples shows that 
the minimntn qoaatity IB '23 per cent^ while the maximnm is 1'12 per cent : — 



Bagibiis 

Bolda 
ChAlbslpAr 

BIbpdr 
MsUkoU 



••• 
••• 
••• 

••• 
••• 

••• 



*23 
•81 
•82 
-89 
*95 
ItM 
112 



These results indicate that mach of the ironstone might be employed for the production 
of iron, bnt that some of them are bad. 

It is possiUe that the qnalitj of certain beds may be regular or nearly so, in respect to 
the amount of phosphorus they contain, and that by selection we may avoid the use of such 
bands as may be unsuitable. This feature must be determined before a final opinion can be 
expressed on the yalue of the ironstones. 

Proportion qf tro».<— The proportion of irqn is much larger than that contained in the 
bulk of ores employed in England ; and some specimens are much richer than is indicated 
by the foregoing analyses.* 

jBTtfnlncr.— These samples were examined by Mr. Tween, showing the amount of oxide 
of iron, alumina, insoluble residue, water and organic matter contained in them. The mini- 
mum quantity of carbonate of lime is 54 per cent.—- 



Insolable 

(Silica) 

Oxi<l« of iron and alnmiiis 

Carbonate of lime... 

Water and organic matter 



• •• 

• t« 

• •• 

• •• 



BarmArf. 


Btfmoagar. 


Stfnktoria. 


40-8 


304 


2r2 


(32-8) 


(23-0) 


(l^-*) 


27 


1-9 


2^ 


640 


86-1 


88-3 


27 


2-3 


45 



Other samples of kunkur from the above localities gave of carbonate of lime — 



Barm&rf 

Bimnagar 

SAnktoria 



61*1 per cent. 

84*96 

86-12 



»» 



•> 



The finest specimens were since furnished by Mr. Hynd, of Bas^rd. They contained as 
much 88 79*6 per cent. A few analyses (in subjoined table) placed at my disposal by 
Mr. Dejoux show a range from 56*94 to 78*60 per cent, of carbonate of lime, giving an average 
result for the entire series of analyses of about 66 per cent. With this proportion of car* 
bonate of lime, kunkur will be quite capable of acting as an efficient flux. 



Oerbooate of lime 
Carbonate of magnesia 
Oxide of iron ... 
Clay 
Band (free) 



• •• 

•■• 

• •• 



• •• 

■ •• 
eee 
•■« 

• •e 



• • • 

• •• 
••• 

• •• 



TOTAl 



BAniganJ. 


Binigaqj. 


BAnigaoJ. 


Barrikar. 


72^0 
ISO 

•70 
22-0 

2^0 


66^94 
. 1-72 

* re? 

dOrO 
9-87 


eriio 

•20 

3-20 

27-80 

2*50 


88*20 
1*60 • 
2*80 

nao 

7-60 


100-00 


100-00 


100*00 


100*00 



Bhiokdnd. 



78*60 
2-00 
2D0 

10-flO 
7-00 



100*00 






* A sample from the Madipdr property of the Binigaig Coal Anociation yielded as mnch as 62*46 per cent, of 
iron, and laterite from the same locality gave 26*88 per cent., which is above the arerage for that form of ore. 



124 Records of the Oeologieal Survey of India, [vol. vii. 

Limestone. — Besides kanknr there is some impore rock-limestone near the village of 
P6h6rpdr at the base of Panohet Hill. It is a well known bed, and is marked on the revised 
map of the Baniganj field. It contains 66*43 per cent, of carbonate of lime, and varies in 
thickness from 12 to 16 feet. A hirge quantity of stone might be obtained from it, but it 
possesses the disadvantage of pipping at a high angle. 

Calcareous nodules. — ^There is, in addition to kunkur and rock-limestone, another souive 
of flux, and that is the calcareous nodules in the day beds of the Panchet series. The 
average proportion of carbonate of lime was found to be 66*8 per cent. The importance of 
this supply is quite subordinate to the kunkur, but it is well to bear it in mind. 

Calcareous concretions also occur in the T&lchir series. 

Limestone beyond the field. — ^In reference to limestone beyond the field, I have no 
additional information to record regarding the stone discovered by my colleague Mr. If aUet ; 
but I have had an opportunity of inspecting a small quantity of limestone brought from 
the south side of the Damud4 near B&niganj. It looks extremely pure, and if it occurs in 
an3rthing like quantity, it would be of great value.* I scarcely anticipate, however, that it 
will be found in abundance, and the kunkur will, in the event of any attempt to establish 
large iron works, probably be the flux on which to rely. 

Use qf hunkur in Birhhum iron works, 1860. — ^Kunkur was successfully employed in 
the Birbhum iron works, and Mr. Blanford, when reporting upon them in 1860, records as a 
fact that Mr. Casperz, the manager, found it advantageous to partially bum the kunkur and 
then to slake it, in order to separate the more impure external parts. 

This process could only be advantageously applied to the more regularly concretionary 
varieties of kunkur, showing cenlrical concentration, for the ordinary form of this rock is 
without any distinctive purer core. 

Relative quantity qf ore and kunkur. — I stated in my former paper that equal quanU- 
ties of ore and kunkur would be required for the production of iron in a blast furnace. 
In the Hrbhtim works, a less proportion of kunkur was found to be sufficient, only 3 of 
kunkur to 7 of ore being necessary. Charcoal, however, was the fuel then employed, whereas 
in my experiments, coke containing as much as SO and 40 per cent, of ash was used, and 
the ore was not quite so clean. With better coke, and an ore with an average of 42 per 
cent, of iron, the amount of kunkur requisite would be less. In estimates of the cost of 
manufacture, however, it is as well to be on the safe side, and equal quantities ought to be 
allowed for. 

Malleable tnm.— For the production of malleable iron, the direct process, which, I am 
indirectly informed, has been quite recently perfected by Dr. Siemens, greatiy improves the 
prospect of the undertaking in India, for the impure as well as for the purer ores. One of 
the chief objections made to this process by iron-masters in England, that a greater propor- 
tion of the iron passes into the slag than occurs in the present method of manufacture, 
does not apply to the case in India, where a saving of materials is quite a secondary consi- 
deration to that of a saving in skilled labour. 

The advantage claimed for this process, of not bringing the phosphorus into combina- 
tion with the iron, removes one of the most serious impediments to the development of the 
great advantages for iron manufacture otherwise possessed by the R&oigazg coal-field. 



* Since writing iho above, I have visited the locality whence the limestone was taken. It occurs as neariy pate 
calc-epar in small veins, striking N. and 8., throagh a decomposed bed of gneiss. It will pay for extraction fw 
special porpoeesi bat cannot be looked to as a source of flux. 
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MAKOAKinS OBB IN THB WABDHA COAL-nELD. 

In oonnection with the question of iron-manufacture in India, it will be of interest to 
notice a discovery I made this year, within the limits of the Wardha coal-field, of a deposit 
of manganese ore, which is at present an ingredient of great service in the process for convert- 
ing iron into steel, although its prime function in that process, and the presence of a certain 
proportion of manganese in the best steel, are questions stUl under discussion. 

In 1869 I drew attention, in the manuscript report of my season's work, to the 
Occurrence of manganif erous sandstone in the E&mthi series, but the proportion of manganese 
to the other constituents of the sandstone was alt(^ther too small to render my discovery any- 
thing more than merely interesting. This year I was fortunate enough to meet with a much 
more available source of manganese, and it is this source which I wish to draw attention to. 

The ore occurs in botryoidal masses in the red clays of the K&mthi series around Mal&garh 
HiU. These concretionary lumps as usual contain much foreign matter, but the proportion 
of oxide of manganese is considerable. An analysis by Mr. Tween gave: 



Manganese ore — 

Loss on heating 
Oxide of manganese 
Iron and alumina 
Sand and clay 



Total 



8-5 
44*6 

6-8 
401 

1000 



The physical characters are those of psilomelane, which is a proto-peroxide of manganese ; 
hard, having a bluish black colour, submetallic lustre, and a brownish black streak. 

Of the ores of manganese this is about the most abundant. It is closely allied to 
pyrolusite, and by some mineralogists is considered to be only an impure variety of it. 

I did not attempt to estimate the probable quantity procurable from the beds in which 
this ore occurs, as I wished before tracing it out closely to have its value determined 
analytically. I remember, however, being impressed with the idea that there was a large 
amount of it, of more and less purity than the sample I sent to our Museum. 

None of our Indian iron-ores are known to contain more than a trace of manganese, 
and the independent ores of this metal seem to be somewhat scarce. 

In the Panj4b it is said to come from Jammd, which may mean anywhere within 
the extensive Himalayan territory of the Mah&r&j of Kashmir. 

In Madras it is said to occur near Yizian&gram, in Kamdl, Maistir, and the Nilghiris. 

In Barm6, it has been reported upon by our own officers and others. 

In Bombay an earthy mixture of iron and manganese oxides, occurring as a dark brown 
powder in magnesian limestone, was found this year by my colleague Mr. Foote, at Bhimgarh 
in the Belgaum district. Its composition is^ 

^ ... 14*6 

220 



Water and organic matter 
Oxide of iron and a little alumina 



Binoxide of manganese 
Insoluble I*. 



200 
44-8 



101-4 
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The oonsumption of manganese ore has hitherto been very unimportant in India ; bat if 
the extensive plans now under connderation for the oonvermon of the pure iron-ores of Loih£x4 
be ev«r carried out, we may expect a considerable demand for manganese. 

THEODOBE W. B. HUGHES. 

Calcutta, Itt July 1874. 

DONATIONS TO MUSEUM. 

May 2l8T. — ^Part of lower jaw of Mastodon, from the bed of the Chumbal, Dholepore. 

Presente<f by D. A. Dukn, Esq., c. s. 
Specimen of the rock from bottom of a deep well (550 feet) at Kkaneer. Presented hj 

Ck>LoirBL McMahon, Hissar. 
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Madras.— Report on the Administration of the Madras Presidency during the year 1872-73, 

(1874), 8to., Madras. 

GoyXSNHBKT OF MaDBAS. 

Mtsobb. — ^Report on the Public Instruction of Mysore for 1872-73, (1873), 8to., Bangalore. 

GoyBBirMBHT 01 Mtbobb. 

„ Report on the Administration of Mysore for 1872-73, (1873), 8vo., Bangalore. 

Ditto. 

N. W. pBOTiNCBS.-^Report by the Board of Revenue on the Revenue Administration, 

North-Western Provinces, for 1872-73, (1874), flsc., Allahabad. 

Govt, of N. W. Pbovincbs. 

TRANSACTIONS OF SOCIETIES, Ac. 

Albany. — Coltin, V. — ^Report on a topographical survey of the Adirondack Wilderness of 

New York, (1873), 8vo., Albany. 

Thb Authob. 

Bbblin. — Abhandlungen der konig. Akad. der 'VIHssens. zu Berlin, (1804-71), 4to., Berlin. 
„ Monatsbericht der konig. Preuss., Akademie zu Berlin, January — ^April, (1874), 

8vo., Berlin. 

Thb Acadbkt. 

„ Zeitschrifl der Deutschen Geologischen Gesellschaft, Band XXV, heft 3, (1873), 

8vo., Berlin. 

Thb Socibtt. 

BoBDBAUX. — Actes de TAcad^mie des Sciences, belles lettres et arts de Bordeaux, Vol. I — ^XI, 

(1839-49), 8vo., Bordeaux. 

BoBTOir.— Memoirs of the Boston Society of Natural History, Vol. 11, pt H, Nos. 2 A 3, 

(1872-73), 4to., Boston. 

The Socibtt. 

„ Proceedings of the Boston Society of Natural History, Vol. XIV, pp. 225— end^ 

& XV, pts. 1—2, (1872), 8vo., Boston. 

Ditto. 

BoTBNOS AiBBS.— Annals del Museo Publico de Buenos Aires, pts. 1—9, (1864-71), 

4to., Buenos Aires. 

Calcutta.— Archaological Survey of India: Report for 1871-72, Vol. IV, (1874), 

8vo., Calcutta. 

HoKB Dbpabtkbrt. 

Journal of the Asiatic Society of Bengal, New Series, Vol. XLIII, pt I, No. I, 

& pt. II, No. I, (1874), 8vo., Calcutta. 

Thb Socibtt. 

Proceedings of the Asiatic Society of Bengal, Nos. 2—6, (1874), 8vo., Calcutta. 

Ditto. 

Journal of the Agricultural and Horticultural Society of India, New denes, 

VoL IV, pt. 2, (1874), 8vo., Calcutta. 

Ditto. 

Records, Geological Survey of India, Vol. VII, pi 2, (1874), 8vo., Calcutta. 

Thb Subvbt. 
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C^MBBiDGB Ma88.— Memoirs of the American Academy of Arts and Sciences, New Series, 

YoL IX, pt 2, (1873), 4to., Cambridge. 

Thb Acadbht. 

„ Proceedings of the American Academy of Arts and Sciences, Vol. VIII, 

pp. 409—604, (1872), 8to., Cambridge. 

Ditto. 

„ Proceedings of the American Aasociation for the advancement of Science, 

Vol. I— XIII, (1849-60), 8to., Cambridge. 

CoPBVHAGBN. — ^M^moires de I'Acad^mie Royale de Copenhagen, 5th Series, Vol. X, Nos. 8-— 6, 

(1873), 4lo., Copenhagen. 

Thb Acadesct. 

„ Oversight over det kongl. d. videnskabemes Selskabs, No. I, (1873), 8vo., 

Copenhagen. 

Ditto. 

DiJON.-^M^moires de TAcad^mie Imp^riale de Dijon, 2nd Series, Vol. XI, (1864), 8vo., 

Dijon. 

GomiroBir. — ^Abhandlangen der konig. Qesells. der Wissenschaften zn Gottingen, Band 

XVII, (1872), 8vo., Oattingen. 

Thb Socibtt. 

„ Naohrichten von der k. Gesellschaft der Wissenschaften ans dem Jahre 1872, 

(1872), 8vo., Gottingen. 

Ditto. 

KoHioSBBBO.-— Schriften der konig. Physik.-okon. Gesellschaft, Jahg. I ; II, Abtb. 1 & 2, 

& ni Abth. 1 A 2, (1860^3), 4to., Konigsberg. 

Lausakkb.— Bulletin de la Soci^t^ Vandoise des Sciences Natnrelles, 2nd Series, Vol. XII, 

Noa. 70 & 71, (1873), 8to., Lausanne. 

Thb Socibtt. 

LoNDOV.^British Museum— Gray, Dr. J. E.— Hand-list of the Edentate, Thick-skinned, 

and Ruminant Mammals in the British Museum, (1873), Svo., 

London. 

Bbitish Musbuh. 

Journal of the East India Association, Vol VII, No. 3, (1874), 8vo., London. 

Thb Absocution. 

Proceedings of the Literary and Philosophical Society of Liverpool during 

1872-73, No. XXVII, (1878), 8vo., London. 

Thb Socibtt. 

Piooeedings of the Boyal Geographical Society, Vol. XVIII, No. 1, (1874), 

8vo., London. 

Ditto. 
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Proceedings of the Boyal Institution of Great Britain, and List of Members, 

1873, Vol. VII, pts. I & II, Nos. 68 & 69, (1874), 8vo., 

London. 

Thb Inbtitutiob. 

Proceedings of the Royal Society, Vol XXI, Nos. 147—160, (1873-74), 8vo., 

London. 
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TUle$ of Book*. JDonort. 

London. — Quarterly Joomalof the Geological Sodety, Vol. XXX, pt. I, No. 117, (1874), 

8vo., London. 

The Socibtt. 

Melboubnb.— 'Geological Survey of Victoria— Smyth, E. R— Report of Progress, (1874), 

8vo., Melbourne. 

The Subvet. 

Moscow.— Bulletin de la Soci^t^ Imp^riale des Naturalistes de Mosoou, 1863, Nos. 1—4, and 

1873, No. 2, (1803 & 1873), 8vo., Moscow. 

The Socibtt. 

MuNCHEK.^Abhandlungen der Math-phys. classe der k. b. Akad. der. Wiss. 2U Mnncben, 

Band XI, Abth. 2, (1873), 4to., Munchen. 

Thb Acadext. 

Sitzungsberichte der Math-pbys. classe der k. b. Akad.. der Wiss. zu Munchen, 
1872, heft 2 & 3, 1873, heft 1 & 2, (1872-73), 870. Munchen. 

Ditto. 

Annalen der konig. Stemwarte bei Munchen, Band XIX, (1873), 8vo., Munchen. 

Ditto. 

Der Antheil der Entwickelung der Electricitats, lehre, (1873), 4to., Munchen. 

Ditto. 

DoLLiNOEB, J. VON. — Bedc in der offentlichen sitzung der k. Acad, der Wissens, 
am 26 Jule, 1873, (1873), 4to., Munchen. 

Ditto. 

„ Yerzeichniss der Mitglieder der k. b. Akad. der Wissens., (1873), 4to., Munchen. 

Ditto. 

Philadelphia. — Journal of the Franklin Institute, 3rd Series, Vol. LXVI, Nos. 5 & 6 ; 

LXYII, Nos. 1 & 2, (1873-74), 8to., Philadelphia. 

The Institute- 

Rome.— BoUettino R. Condtato Geologico d' Italia, Nos. 1—4, (1874), 8vo., Rome. 

Geological Socibtt of Italy. 

Saleh.— Bulletin of the Essex Institute, Vol. IV, Nos. 1-12, (1872), 8vo., Salem. 

The Institute. 

St. Petebsbubg. — Bulletin de TAcad^mie Imp^riale des Sciences de St. Petersbourg, 

Vol. I— VI, (1860-63), 4to., St Petersburg. 

Stsasboubg. — M^moires de la Soci^t^ des Sciences Naturelles de Strasbourg, Tome VI, 

livr. 2, (1870), 4to., Strasbourg. 

Toronto. — Canadian Journal of Science, Literature, and History, New Series, Vol. XIV, 

No. 1, (1873), 8vo., Toronto. 

The Canadian Institute. 

Vienna. — Haueb, F. Rit. von.— Geologische Uebersichts karte der Oesterreichisch — 
, ungarischen Monarchic, Blatt, Nos. 4, 7, 8, 9, 11 & 12, (1869-73), 

8vo., Wien. 

The Vienna Inbtitxttb. 

„ Verhandlungen der k. k. Zool. botanischen Gesellschaft in Wien, Band XX J I, 

(1872), 8vo., Wien. 
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Washikgtok.— Eeport of the Commissioner of Agriculture for 1871-72, (1872-73), Sto., 

Washington. 

DsPT. AoBic, IT. S. A. 

,, United States Geological Surrey— Oops, Pbof. E. D. — Synopsis of New 

Vertebrata from the Tertiary of Colorado obtained during the 
summer of 1873, (1873), 870., Washington. 

P. V. Hatdbn. 

„ United States Geological Survey — Gaknbtt, H. — Miscellaneous Publications. 

No. 1, Lists of Elevations in that portion of the United States 
west of the Mississippi River, (1873), 8vo.*, Washington. 

Ditto. 

,, United States Geological Survey-^^ANNETT, H. — Miscellaneous Publica- 

tions. No. 2. Meteorological Observations during 1872 in Utah, 
Idaho, and Montana, (1873), 8vo., Washington. 

Ditto. 

WsLLiNOTON. — Transactions and Proceedings of the New Zealand Institute, Vols. IV and V, 

(1872-73), 8vo., Wellington. 

WiESBADBN. — Jahrbiicher des Vereins for Naturkunde im Herzogthum Nassau, heft 

I— XXIV, (1844.70), 8vo., Wiesbaden. 

Zurich. — ^Neujahrsblatt von der Naturforschenden Gesellschafb auf das Jahr., 1873, No. 75, 

(1873), 4to., Ziirich. 

The Society. 

„ Vierteljahrsschrif t der Naturforschenden Gesellschaft in Zurich, Jahrg. XVII, heft 

1—4, (1872), 8vo., Zurich. 

Ditto. 

Nouveauz Memoirs de la Soci^t^ Helv^tique des Sciences Naturelles, Band 

XVII-XXIV, (1860-71), 4to., Zurich. 
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Thb AiTBiFBBoirs RocKB 09 THS Daicbal Hills, Dhabwab Distbict, hy B. B. FoOTBy 

F. G. S., Chological Survey qf India, 

It had long been known that the sands of rarions sti^ams taking their rise in the 
Dambal Hills contain gold ; hat the sonroes from which this stream-gold was derived were 
not positively determined, and it was with the object of settling this point that I was 
officially depnted to visit the hills in question at the close of last field-season. 

The results of my examination of that region show that one source of the gold is to be 
foand in at least one auriferous quartz reef, which will be described further on. 

Stream-gold is known to occur also in several other places in Dharwar and Belgaum 
Districts, but, as far as I could ascertain, in very much smaller quantities. One locality in 
the Kuladgee District is doubtfully reported as auriferous. These occurrences will be again 
referred to. 

The Dambal HUls are situated in the Guddnck Talook, some miles soath-south-east of 

the town of Guddnck, and are locally known as the Kap^ 
^^^^^^ ^ ^' patgode, being so called after the temple sacred to Eappat 

Iswara, which stands on the western flank of the main hill, in long. 75^ 46' east, and lat. 
15^ 13' north. They form the northern part of a belt of elevated ground extending in a 
single or doable ridge norUi-north-west £rom Harpunhully, in Bellary District, across the 
Toongabadra to Bingud Euttee, 3 miles west of Guddnck, where the ridge sinks into the 
great, black, regur-covered plain of Dharwar. The Eappatgode itself forms the highest 
part of the ridge, which there rises about 1,000 feet over the surrounding countiy in a bold, 
steep mass, whose flanks, though bare of jangle, are much obscured by debris, and during 
the rains well covered with long lemon-grass. 

The rocks which form this ridge and all the o^jaeeat country for many miles axound 

belong to the great gneiss formation of Southern India, and 
BoclM belong to the gndfilc Mries. , \ .^ i.-ji.» j._j_ v 

nave here been sucgected to immense disturbances, pio- 

dncing great contortions and fractures, and in parts a much greater degree of metamorphism 
than is usually met with, which adds greatly to the difficulty of unravelling the vexy obscure 
.straUgraplucal features of these hills. A complete solution of these stratigraphical 
obscurities will only be obtained by extending the survey both north and south of the auri- 
ferous tract, to which alone I confined my attention, as my tame was limited and moreover 
much encroached upon by frequent heavy rain-storms. Immediately north of the Kappat- 
gode Hills the continuity of the ridge is broken by a cross valley running nearly due east 
and west, and opening into the plains immediately west of Dambal. This valley is drained 
by the Dhoni nullah, which falls into the great Dambal tank, whence its waters eventually 
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drain into the Toongabadra. On the sonth dde of this valley the hills widen out consider- 
ably owing to the presence of a third ridge, but contract again to the sonth of the 
Kappatgode. 

The ridge in its northern part, lying beyond the gold tract (where it is single and its 

^ . . ... structnre qnite simple) shows a double series of htematite 

Oeologieal itraetiive of the ridgs. ,. , ,j ..ixjtj ti-i* j ^i. 

schist beds intercalated between chlontio and other 

schists of great thickness, which to the east touches a broad band of highly silicious and 
often granitoid gneiss, on which stands the town of Gudduck. I found no section showing 
the exact relations of these two series ; but it is most probable that the granitoid series, which 
may conveniently be called the Ghidduck series, orerlies the chloritic and ferruginous beds. 
On reference to the map accompanying these notes, it will be seen that further south a third 
hiematite schist band appears at a still lower level, also accompanied by chloritic, homblendio» 
and micaceous schists, and bends round on itself in a sharp curve immediately north of the 
Eappatgode, thus forming an anticlinal ellipsoid, which is crossed by the road running from 
Dambal to Soortoor. To this series I will give the name of the Dhoni series, from the 
village of Dhoni, which stands on it. This series is noteworthy, because containing several 
important beds of grey and greenish-grey crystalline limestone of considerable thickness, which 
would yield a building stone of great beauty and excellence, and far cheaper to work than any 
of the granitic rocks of the neighbourhood. If pure enough to yield good lime on burning; 
it would prove of great value in the event of the railway extension between Bellaty 
and Hoobly being carried out, through a country otherwise poor in limestones. The 
principal beds lie in two groups, the one 2 miles north-west of Dhoni, the other 3 miles 
west-south-west of that village. Overlying this to the westward are other hematido beds, 
the representatives doubtless of those before named, if not, indeed, the extensions of the 
same. As these beds form the mass of Kappatgode Hill, I will call them, and their more 
northern representatives, the Eappatgode series. The character of the associated schistose 
beds has changed, however, from chloritic to argillaceous, and the predominant color of the 
rocks from green to reddish buff or mottled whitish. Owing to the great development 
of cleavage, the true dip of these argillaceous schists is in many places perfectly obscured* 
and their reUtion to ihe rocks next following them to the westward very problematicaL 
Thu next series consists of chloritic and homblendic schists, intimately associated with 
a massive dioritic rock. This dioritic rock, though in parts strongly resembling some 
of the diorites forming the trap-dykes, which occur so frequentiy in the gneissic regioB, 
does not appear to be an irruptive rock, but rather a product of excessive metamoiphism. 
The schistose rock appears to pass by imperceptible graduation into the highly crystal- 
line mass. Nowhere did I find the two dissimilar rocks in dose apposition, but every- 
where some feet or yards in thickness of rock intervened, showing the graduation of the 
special characters. This series, which I will call the Soortoor series, after the large village of 
that name, at which the principal gold washing is carried out, occupies a band of country 
some 4 to 5 miles broad, which is bounded to the westward by a band of granitoid gneiss of 
undetermined breadth. The position of this granitoid band (which may be called the 
Moolg^nd series) leUtively to the Soortoor series is uncertain ; but it is probable that the 
latter series is the younger of the two. 

All the streams said by the natives to be auriferous rise within the limits of the traet 
occupied by the Soortoor series; and the upper course of the Soortoor nullah, the richest of aH, 
lies entirely within the area occupied by the pseudo-diorite, and associated chloritic schists. 

Quartz reefs occur in all the rock series above enumerated, but those lying within the 

limits of the Soortoor series are the best defined, and, with 
Qaarti reeft in the Soortoor sflriei, ^ ,. , ., . • • i- xv • j* _x* 

a few exceptions, have the most promising he, theur direction 

being mostly north-by-west, south-by-east, or parallel to the strike of the bedding. The 

surface of the principal reefs has been much broken up, donbtiessly by gold-seekers. 
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The quartz reefs occurring in the other series are mostly well defined, and, with two 
or ihree exceptions, run in different directions. Many run in the lines of strike of the bed* 
ding, but many cut across it in various directions. 

The most remarkable quartz reef in the whole auriferous tract, and the only oue from 

which I succeeded in obtaining gold, lies about a quarter of 
wriI?2?StISSittS*rS?'^**^* » «^i^e east of the eastern boundary of the Soortoor series, 

on the eastern slope of a ridge lying north-west-by-north of 
Huttee-Kuttee, a small village on the road between Dambal and Soortoor. This reef, which 
runs north-by-west, south-by-east, lies in the line of bedding of a series of reddish femigino- 
aigiUaceous sdiists with chloritic bands, both containing numerous cubical crystals of pyrites 
now conrorted into limonite by pseudomorphosb. The reef is rather less than half a mile 
in its entire length, and only in a small part of this is it a well-marked vein. Both the 
southern and northern extremities are very irregular, thinning out to a mere thread, or a few 
parallel threads in places, and then swelling into bunches, to thin out again a few feet fur- 
ther on. The reef does not cross the valley of the Guleeguttee nullah to the north, but 
thins out and disappears on the side of the ridge. The quartz is the ordinaiy dirty white 
variety, and includes a few little scales of chlorite along the lines of joiiiting, together with 
occasional cubes of pyrites, which, like those in the schists, have been peeudomorphosed into 
limonite. Parts of the quartz are ferruginous, the impure oxide of iron occurring in strings 
and lumps. The specimen of gold I obtained here is imbedded in such a ferruginous string. 
Though very small, it is quite recognizable, and shows a great resemblance to various pieces 
of stream-gold obtained by washing. It is of a very rich color. The piece of quartz con- 
taining it lay among the ddbris, beside the top of the reef at its highest part, where it has 
been much broken up by gold-seekers, by whom irregular mining operations have been carried 
on along the course of the reef. Much of it has been completely broken up, and the hill 
side thickly strewn with fragments. Three rude sinkings hardly deep enough to deserve the 
name of pits, and a considerable length of shallow trenching along the oourse of the vein 
remain still visible. Besides these, there is an old pit sunk on the east side of the wall-like 
part of the reef some littie distance down the slope, probaUy with the object of ascertaining 
the continuity in depth of the reef. This seems to have been sunk by some one having 
more advanced ideas than the authors of the diggings on the back of the reef ; but I could 
ascertun nothing certain or satis&ctory as to whose work it had been. To the north-west 
of the reef a number of littie short veins and bunches of quartz had been attacked in 
shallow trenches, and had had their surfaces knocked to pieces by the same people, who were 
according to my guide (a coolie from the village of Dindoor), a company of native gold- 
smiths who lived in the now totally deserted village of Guleeguttee (Eubun Kutkuttee of the 
Bevenue Survey Map). These works had been carried out at some period prior to any time 
within the memory of my informant. The patels of Dhoni and Soortoor and others, of whom 
I enquired concerning these diggings, either could not or would not give me any information 
about the people by whom they had been made. I am rather inclined to suspect that the 
pit last mentioned was sunk by the Manager of a Gold Company which was got up during 
the Bombay share mania, and which Company, under the guidance of a practical Australian 
miner, sunk a lakh and a half of rupees in the search for auriferous quartz, and obtained no 
returns but a few small nuggets of Australian gold, sent down from time to time by the 
judicious manager to allay the anxiety in the shareholders' minds till a convenient season 
came for him to disappear without having aooounted for his expenditure. The only positive 
trace of hb proceeding which I came upon or heard of Was a pit about 15 feet deep, sunk 
on the south side of a quartz reef belonging to another series lying south of the village 
of Dhoni. 
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The Hattee-Kattoe reef it aboat 6 feet thiek on the aTenge, when weU-deined And 
wall-like. The strike, tm before-mentioned, is north-by-weet, loath-by-east, with an eaiterlj 
dip of ftom 40^ to 6(f, Much of the reef has been brdBen down* hot a length of aboat 86 
yarde remains like a oydopian waQ, and forms a yery oonspieaons landmark from the east. 

The only other ne& desermig separate mention form a gronp lying abont a mile to a 

BeebintlieDhooiMric.. "'^^ "^^ * ^^^ '^''^ ^^ ^^"^ ^^^^' «^ ^ nofih-eist 

flank of the Kappalgode mass. Unlike the reefs already 
referred to, the reefs in this group oonrist, not of ordinary milk*white quarts, bnt of a dis- 
tinotiy bluish or deep grey diaphanous yariety, with a varying amount oi enelosed soaks of 
white or pale mica. These reefs may, acoording to their courses, be assigned to two subor- 
dinate groups, of which the one was north-west by south-east, the other north-east-by-ea8t» 
south-wesi-by-west. The members of the latter sub-group ai« much the best defined, and 
form dyke-like veins 5 to 6 feet wide and from 400 to 600 yards long. The other set* 
lying on the east side of the small stream, which flows from the north-east side of the 
Kappatgode into the Dhoni nullah, a little east of the village of Dhoni, are less well-defined 
veins, but of considerably greater length than the former. 

None of the ree& in the Dhoni series run in the lines of bedding of the chloritic, horn- 
blendic, and micaceous beds they traverse ; but there are a very large number of bunchy 
strings of quartz of the ordinary milky white variety which run in the lines of both bedding 
and cleavage, but all of a size fax too small to show on any but a very hirge-scaled map. 
These, as well as the diaphanous quartz reefr, contain remarkably litUe iron oxide ; the super- 
ficial staining they show is due mainly to the decomposition of included portions on the 
surrounding rock. 

The remaining quartz ree& noticed in the auriferous tract on the east flank of the 
Kappatgode, on the west flank of the ridge running north and north-west from the Kappat* 
gode, and in the valley to the north-west of Dhoni village, are all of the ordinary variety of 
quartz running more or lees in the strike of the bedding, and presenting no noteworthy 
peculiarity. As in all schistose rocks of the ordinary types, an immense quantity of free 
quartz occurs throughout their mass, in the form of laminie, strings, bundles of all possible 
sizes. It is from these, rather than from the debris of larger veins in ree&,that the innumer* 
able lumps of quartz covering the &ce of the country generally are derived. As the country 
is in most part utteriy devoid of any vegetation except grass, all the larger occurrences of 
quartz are conspicuous objects in the landscape, need but little searching for, and are easily 
prospected. 

The almost invariable association of gold with the difierent sulphides of iron, lead, 

copper, &c., in quartz reefs, is well known; and henoe 
B«eb fn whiob a sulphide was in prospecting the reeft I have before referred to, I paid 

great attention to the indications of the presence or absenoe 
of sulphides, besides searching for metallic gold. In only three did I obtain positive evi* 
deuce of the existence of a sulphide — the sulphide of iron — ^in the form of cubical pyrites. 
These three were the Huttee-Kuttee reef and the two parallel reefs to the east of Yenkatapoor, 
but the number of indosed crystals is in each case very small. It is largest in the Hutteo> 
Kuttee reef. Much of the quartz in the difieront reefs is what the Australian miners 
technically call "mouse eaten;" that is, full of cavities formed by the weathering out of 
other mineral substances which had been enclosed. In the great majorify of oases it was 
dear frran the form of the cavities left that the enclosed minerals had been chlorite or horn* 
blende. None of the cavities were cubical. In one reef in the Dhoni group I noticed some 
small and rhomboidal cavities, probably due to the removal of enclosed orystals of oalcspar. 
Free gold is often found lefl behind in such cavities in really auriferous reefs in Australia 
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and daewhere ; bat none was met with here. All the reefa observed lie above the surfaoe 
of the BORoanding oountry, and have henoe been far more exposed to weathering influences, 
whidi might aoooont partially for the absence of sulphides in the reefs, but which will not 
aooount for the absence of the characteristio cavities they should have left behind. 

From the great paucity of sulphidee a proportionate paudty of gdd is to be reasonably 
inferred in the reefii of the Kappatgode area. I must have broken off several hundred pieces 
of quartz while prospecting, but not one contained any visible gold ; while that found loose 
at the Huttee-Kuttee reef contains but a veiy smaU quantity — a mere speck. A number 
of carefully selected samples was brought away from the most promising looking reefs, to 
ascertain whether they contain gold in so finely divided a state as to be invisible to the naked 
eye, which is frequently the case in Australian and Califomian reefs. These were assayed at 
the Calcutta Mint through the kindness of Colonel Hyde» and in the Survey laboratoiy by 
Mr. Tween, but none of them yidded any gold. 

Even if the reefs were moderately auriferous, the pioneers in mining operations would 
have many serious difficulties to contend against ; the distance from the coast, and at present 
from any railway, would make the setting up of machinery very expensive. No timber or 
fuel of any kind is obtainable except at veiy great distances, and water would be very scarce 
except through the rainy season. 

AxLinriUi Gtold. 

The washing for gold in the sands borne by the various streams flowing through the 

^ .^ ^ ,. ^ , , auriferous tract is carried out by a class of men called 

Gold-wftshers called Jalgari. _ , _ ^, <. . « 

J algars, and they are now very few in number compared to 

what is reported about them in former years. I could only hear of three, two of whom 
were at Soortoor, and the third lived at Seerhuttee, in the Sangli Jaghir. I obtained 
the services of the two former, and made them wash for me in the Dhoni, Soortoor, 
Jilgerree, and other nullahs on the west flank of the Kappatgode. Of these nullahs, 
the Soortoor nullah was by them stated to be the richest^ and this statement was fully 
borne out by the results obtained when washing there in my presence. Next in pro- 
ductiveness came the Dhoni stream, but the yield was greatly smaller, and hardly enough 
to remunerate them for their labour. In the Jilgerree nullah they got a yet smaller 
return ; and in the other nullahs, including that at foot of the Kappat Iswara ravine, only 
a very few exceedingly minute spangles were obtiuned, just sufficient to show that gold was 
not entirely absent from the detrital matter. 

The plan pursued by the Jalgars when I let them follow their own devices, was to take 
pmnMa f mA Mm waahwUrt. ^^ ^^ lower part of the latsst flood deposit from the rocky 

€fr clayey bottom of the nuUahs, not from the deepest part 
of the bed, but from the point at which a strong length of current skicked off, owing to a 
change in the direction of the stream. Another favorite sort of place from which to collect 
* wash-dirt,' was the small alluvial terrace between the water at low flood level and the pi'esent 
high flood leveL From this they collected the rain-washed surface^ and in the case of the 
washings in the Soortoor and Jilgerree nullah, obtained much better results than from washing 
the material obtained in favorable positions from pockets in the beds of either nullah* In 
another washing in the Soortoor nullah, the wash-dirt selected was the kunkur crust depo* 
sited on the decomposing surface of a band of chloritic schist. This was ahogetiier the 
richest washing made in my presence. Unfortunately the proceeds of this washing were, by 
inadvertence, mixed up with those of another, going on at the same time a little further down 
the nullah. The united results were said by the Jalgars to be a very good day s work. The 
second washing was made from a stuff collected at the base of the old alluvium bank, which 
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there consiBted of a bed of ooane shingle mixed with day and fine f erraginoiifl piaoliiic grayol 
^^ (a prodnot of deoomposition of iron pyrites), overlaid by 

blaek day followed by a aeeond bat rather len coarse bed of 
shingle, on which rested the regnr forming the soil of that part of the valley of the Soortoor 
nnllah. The yidd of this washing was rather less than that of the last mentioned. For the 
two washings I had four men at work lor three hoars at a place of their own sdedaoa — ^their 
fayorite pboe according to their assertion ; two men washed and other two dog and carried 
the material to the washing place. The qaantity of wash-dirt pat throogh the washing box, 
I estimated at 1^ cnbio yards, from which the qaantity of gold obtained weighs a trifle over 
6| grains, worth 9 annas in ronnd nambers, at the rate of £3-17-6 for the oance (troy) 
of gold. 

The method of washing adopted is simple, bat might be made more elteetive at rery 

little expense. The wash-dirt is scooped up with a small 
roo6M wasniiig. stoat, broad hoe with a short handle, and carried in a basket 

or large wooden tray to the washing box, which has been fixed at the water's edge and 
propped ap with stones to the reqaired slope. The washer sits on a large stone in the water 
dose to the side of the box, which is an oblong constrnction, made of light planks and open 
at one end. It is about 3 to 3^ feet long, 20 inches wide, and 9 inches deep, and strengthened 
with damps. A stick of some elastic kind of wood is jammed against the sides and 
bottom at the lower and open end to form a catch. This done, the washer begins to ladle 
water on the wash-dirt, kneading it the meanwhile with the left hand and throwing oat 
all the larger pebbles. The ladle or rather scoop used by the Jalgars was made of a long 
calabash, with one end cat off. It was held by the middle, an oblong hole having been cat in|o 
the incurved side, and a conple of small sticks tied across diagonally to the comers and fixed 
with strings passed through small holes. The elder man of the two, however, preferred to 
use a tin pot with cross handle, which had been given him by a former Ck>llector of Dharwar. 
This goes on till a layer of sand has been formed in the box, so thick that the stick at the 
lower end is no longer a sufficient catch, and a second stick is jammed in and the washing 
process re-commences till the sand layer has risen almost levd with the second stick ; both sticks 
are then removed, the washer stirs up the layer of sand with a short, stout piece of wood 
and then sweeps everything into the large wooden tray hdd bdow the open end by the 
assistant. The washer then takes the tray, places it in the water, and performs the needful 
shaking and washing, technically called " panning off," till nothing remains at the bottom 
but fine sand, generally of black color. He then tilts the tray a little, and by judidously 
dropping water out of his hand on the small layer of sand drives all the lighter partides 
forward and leaves the spangles of gold exposed. This small residue is then collected care- 
fully by washing down into a half cocoanut shell, and taken home to be treated with mercury. 

From the shortness of the washing box and the very rnde way of stopping the open end, 

and from the evidentiy cardess style of manipulation, there 
iiiJJSSJSwt.*"*'^ «iMepttble of ^j^ ^ considerable waste. Much better resulU wouU 

doubtiess be obtained by using a box more Uke the Cali- 
fomian "Long Tom," which is generally 12 feet long, 20 inches wide at the top, and widening 
to 30 inches at the open end, besides being famished with various ledges to catch any heavy 
material. The first man who wrote about the Kappatgode gold traet^that admirable observer* 
Captain Newbold, v. B. 8., whose early death was so great a loss to the cause of science 
generally in India — was also of opinion that the washing was very carelessly and wastefully 
performed. My fnend. Major Bartholomew, Superintendent of Police in Dharwar District^ 
who with me watched the Jalgars at work in the Dhoni nullah, was, like myself, much strack 
by the rudeness of their appliances and the cardess way in which they proceeded. I find it 
difficult, therefore, to understand the verdict of a Mr. J. Soholt, apparentiy a practical miner, 
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wbo wrote, in a letter to the Tknet of India (qaoted in Balfour's Cyclopsedia of India, article 
Oold), that he nerer in his whole experience met with such careful and effectual washing as 
that of the Kappatgode Jalgars, surpassing eren the Chinese, who, in Adstralia, were consi- 
dered perfection in that respect. 

The Jalgars ply thdr trade of gold washing only aftef heavy rains, iffid, as the Soortoor 
^ ^ ^ men informed me, for one month in the year, during whicli 

no agncultural operations are in progress. Their earnings 
are veiy yarious, and range from 5 to 60 rupees in a season apiece. They affected not 
to know of any gold in situ, and told me I was wasting my time in prospecting the quartz 
reefs. As it might be an idea of policy in their minds to keep to themselves as much of 
their knowledge as they fancied convenient, it would not be sale to attach too much evidence 
to their statements but that they were borne out by the statements of the patels of Dhoni 
and Soortoor, and numerous other villagers, whom I questioned through Major Bartholomew, 
who kindly acted as my interpreter to the Canarese people. The same information had 
been given me by the mamlatdar of Chikkodi, in Belgaum District, a shrewd Brahman, who 
had been for a considerable period the mahalkare of Moolgoond close to Soortoor. The 
mamlatdar of Gudduck also confirmed the information I had previously obtained. 

Captain Newbold, in his resum^ of information about gold tracts, published as I^o. 4 of 
his papers " On the Mineral Resources of Southern India," speaks of the banks of the 
auriferous nullahs being crowded with Jalgars after heavy rains — a very different state of 
things from what now prevails, and from which it may be inferred that the yield of gold has 
greatly diminished. It is very likely that such is the case ; but another cause which has 
had great influence in diminishing the number of geld- washers may, I think, be found in the 
greatly increased prosperity prevailing in Dharwar District, since the American war created 
such a demand for cotton tiiat immense wealth was poured into the district and gave a strong 
impetus to all sorts of other and more certain industries which have absorbed the great 
number of half idle men, who in former years devoted themselves to gold hunting in the 
rainy season. 

Another writer on the Kappaigode gold tract — the Mr. Scholt» already quoted — ^formed 

a very low estimate of the alluvial gold return^ According 
Jfr. SehoK's eRfcimate oTtheallaTlsl ^ ^Yie epitome of his letter to the Times qf India given in 

Balfour's Cyclopeedia, he confidently stated that the alluvial 
deposits would never pay, as the deposits in which the gold occurs are confined to a few 
insignificant nulhihs and "blind water-courses " occupying the slopes and flats, the bed-rook 
in every case being exposed more or less, denoting a very scanty supply of wash-dirt, the 
native gold-washers (a very limited body) confining their operations to a stratum not ex- 
ceeding 6 inches in depth. Twelve days' work at Soortoor yielded to Mr. Soholt from 2 to 
3 rupees worth of gold (about a pennyweight). 

I have already mentioned that the Jalgars did not try to get wash -dirt from deep pockets 
in the beds of the streams, the situations generally found most productive in the Australian 
and Califomian gold washings. It was impossible to try the most promising places in the 
several nullahs at the time of my visit owing to the constant heavy rains. In the 
dry weather they might, however, be excavated by damming back the little streamlet that 
would alone remain then, and by simply baling out the hollows ; but veiy little water would 
be then available foe washing. The probability is that a little more gold would be found, 
but that as that operation has doubtless been carried out in former times by the natives 
themselves, no wonderfully rich pockets would be found to repay expenses ; for it must be 
borne in mind that the inhabitants of the Kappatgode region are not ignorant savages like 
the Australians, who did not know the value of the precious metal. 
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The annaal oattum of wash gold from Uie Soortoor, Haiiee, and Dboiii niillaka, wm 

estimated by Captain Newbold to be aboat 200 onnoes afler 
^'"^ ^ ' an arenge monsoon. What it may be at preaent^ I did 

tiot snooeed in asoertainiag, but t think it may be safely set down at less than the tenth part 
of the fotmef amonnt. The fact that so very few are attracted to the gold washings 
at present) appears to my mind vety strong evidence of its not being a very profitable 
occQpation. The poverty of the reefs is borne out by the very small yi^ of allnvial gold; 
and the inevitable oonclnsion appears to me to be that there are not sufficient prospoets of 
success to justify any outlay of capital In mining works on a large scale* 

Tho 8tream«gold is found associated with a Uaek sand oonsitting mainly of magnstie 
Otbw metalt fimnd with the gold ^^ '^ minute octohedta, and a bUu:k residue not affected by 
"'B^ the magnet. In the sand washed in the Dhoni ntdlah, 

I fonud several minute rounded grains of a grey metal, which on further eiamitiation 
proved to be metallio nlver. A couple of little spangles of pale yellowish silvery hne were 
also obtained, which are doubtless eledarum, the natural amalgam of gold and silver ; beside 
these were a few minute grains of bronie colour, which on examination proved to be a 
mechanical mixture of metallic copper and oxide of tin. Newbold mentions having found 
a small fragment of metallio copper, grains of silver, and a few whitish metaUio spangles 
which he took to be platinum ; a supposition which does not seem, however, to have been substan- 
tiated. He also found gray silver ore in a fragment of quartz, but did not trace the source 
from which the quartz had come ; nor was I more fortunate in that matter. In a green 
colored and very trap-like part on the pseodo-diorite, lying about a mile north-west-by-north 
of Soortoor, I found very numerous octohedra of magnetic iron of minute size, but veiy 
perfect, with numerous little lumps of copper pyrites and some iron pyrites. Iron pyrites of 
very white color, in minute parcels, is also widely dissemminated in an adjacent black variety 
of the pseudo-diorite. 

Oaptun Newbold's notes on the geology of the gold tract are very brief, but, like 

„^ . ^ all his observations, very correct. The Eappatoode gold 

Notes on prerions obeeiven, ' j . rx^-o » 

region was subsequently visited and described by Lieu- 
tenant Aytoun, of the Bombay Artillery, but his description is unfortunately very meagre. 
He speaks of an exceedingly great development of iron pyrites in the gold region, and he 
observes that, " were it not that all the conditions on which the large development of tiie 
precious metals depends are here found in coigunction with the pyrites, it might be imagined 
that the small quantity of gold now found in the nuUahs in this part of the country was 
derived from this source. Iron pyrites, as it is well known, often yield a small amount of 
gold." To my judgment the development of iron pyrites is small, except in the aigillaoeous 
schists near Huttee-Euttee, in which the cubical crystals are found in moderate numbers. 
Lieutenant Aytoun does not appear to have traced the gold to its matrix, though he inferred 
correctiy that it is found among the chlorite slate hills to the west. He mentions having 
obtained occasionally " small pepites of gold of a pear shape," but does not give the localities 
where they were found. His sections iUuatrating the geological structure of the hill group 
are correct in the succession of rocks shewn, but in various parts he seems to have taken the 
planes of slaty cleavage for planes of bedding.* 

Dr. Carter, in his Summary of the Geology of India, in referring to Mr. Aytoun's paper, 
speaks of two hills, called the "Great" and "Littie" Gold Mountains. These names seem 
to have gone out of use now, or to have no reference to the occurrence of the precious metal. 



* Geological stractnre of the baein of the Jbalporba !n the CoUectorate of Belgamn, inoladinr the Gold Die. 
trict, by Lieatenant Aytoan. of the Bombay Artilleiy. Traaeactlona of the Bombi^ Geographieal Bodetj, VoL XI> 
pave 8; alio reprinted in Caiier'a Geologieal Fapeia on Wealem India. 
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They were not mentioiied by. the Patel of Dhoni when pointing out all the different places 
seen from the suibniit of thfe Kappatgode. 

Mr. Gilbert l^llioit of tlie Bombay Civil Service^ liow Collector of Koladgeei visited 
the gold tract in 1856; but I am unaware whether he wrote any report on it at that time. 
I think, however, that if he had re-vidited the Kappiitgode and the other gold localities with 
the practical kndwiedge df gold mining and prospecting he has since acquired in Australia j 
he would not lately have wntteii so danguinely about the prospects of gold mining in 
Western India: 

My vidt to the Kappatgode was greatly facilitated by the great assistance and personal 
kindness I received from Mr. Elphinstone Robertson, the Collector of I)hafwar, and Major 
Bartholomei^, Bo. S. C, the l]iistrict Superiiiteiident of I^olice, to whom my best thanks 
are due. 

OtHSB AijRIFEBOUS toCASITIB^ 11^ DkifiWlB, BbLOAV1£, IND KULADOB^ D1STBICT8. 

Gold occurs but only in very small quantities at several other places besides the Kappat- 
gode region. Chick Mbolgdond in thb Kdd Talooka of Dharwar District, which I Was unable 
to visit from Its distailce; is medtioued by Ne#bold. 

Lieutenailt Aytoun medtlons bdth Byl Hongul lind BeloWuddee, in the Sampgaunl 
Taiodk of Belgaum District, as auriferous localities ; but in the case of the former gives nd 
particulars by which to prdceed in miiking search : he merely refers generally to the occur- 
tence bf gold sand iii some stream^; 'thete are very few indications of Quartz, except such 
as occdr in laminsB and bunches in the chloritio schist. I only found one small reef whioh 
was of diaphanouA blue grey quartz, containing no visible gold and no eiuliAlides of any 
kind. The people At Byl Hongul maintain that gold is unknoWil thejhe, a statement con- 
firming the report 6f thb talook offldald to the Collector of Belgaum with r^fetence id 
toquines I made df him. I viiriited the auriferou^ nullah df Huttee-Kuttee, ati abandoned 
village liear Belowuddee, but was unsuccessful in Washing, find a series of sitmples of the 
alluvial detritud Which I brought away prov^ dn chemical examination by Mr. Tween td 
teontaid ho gold. A temple df the auriferous sand which I obtained thtough the Collector 
of Belgiium WaS also found to cdntain no gold. The Patel of Belowuddee infdrmed me that 
no gold has been Washed during the past ten ytorS. The Jalgafs who used to frequent 
this locality canie from Hoobly, in Dharwar District. The sand of this nullah contiuns very 
little nlagnetic irdh, the almost constant associate of gold. 

All the evidence obtainable is liot favdrab'le td the idea of gold being fduild h^rd iii liny 
consideraole quantity. What little has been found, was probably derived frdm Some quarta 
reef trilversing either the chloritlc schiftts or the piseudo-diorite on whioh the nullah in 
question tises. I did hot observe aiiy reef in the valley, but much of its surface is masked 
by cotton Soil or ferruginous debris formed by the decomposition of beds of hs^matitid 
schist which occur id large numbers in thb gneissic series. These are the ' jaSpideOus irod 
beds ' of Mr. Aytoun's report, which he holds to be analogous to the quartz ranges and 
metamdrphic parallel bands of the Ural Mountains and Australia^ and thinks they will be 
found to clmracterize the gold zdne of Belgaum District. 

Moorgod, id the I^ursgurh Talooka of Belgaum District, is another locality whei^ gold is 
bbtained in small qui&ntities. Unfortunately I was not aware of this when there, and . had 
tot an Opportunity of re-visiting the palace afterwatds. My informant, the present mahal- 
kare of Chandgurh, Belgaum Talook, a very intelligent Brahman, who had been mahalkare 
of Moorgod for some years, told me that from 150 to 200 rupees worth df gold is annually 
bollected in one of the nullahs near the town. The Jalgars in that case are poor Mussalmans. 
The gold most probably comes from small quartz veins in thef chloritic schistSi which ard 
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largely developed west of the toim. I am indined to regard this series of ebloritic rvdw 
as occapying the same horizon as the Eappatgode series ; Imt this cannot be determinedl 
till the geology of the intermediate oonntry shall have been worked out. 

Gold is said to occur at Sognl, foor miles south-east of Moorgod, bat I ooald not aacertaim 
which of the two nallahs near the village contains the anrifenms sand. The existence of 
gold there b denied by the talook officials, so it cannot be found in any great quantity. 

The last place reported to yield gold is Gooladegad, in the Badami Talook of Knladge^ 
District. I am inclined to doubt it altogether, as I did not hear of it, though I visited the 
place three times. It could hardly have been unknown to the German missionaries of the 
Bssle Society who are located there, and I should have certainly heard of it from them. 
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AKTiQUiTT OV THB HUMAK BAGB IV IJTDiA, by W. Thbobald, Geological Survey 
qf Indda, 

Few of the i^itings of the illustrious Falconer possess greater inteiBst to the geologist 
or anthropologist than the paper entitled " Primeval man and hb eotemporariee," written in 
1863 {vide Falc. Memoirs, Vol. II., page 570), or display bolder or more forcible speculation 
on a question foremost for interest among those to whidi the attention of the great 
palflBontologist had been devoted. The question, moreover, is an eminently living one, and 
great as have been the discoveries already achieved, we may confidently expect still greater 
accessions to our knowledge of it in the future, espedaUy that particular branch of it 
relating to India, and the existence of man there, during the latest tertiary times. Whilst^ 
however, every advance in knowledge has tended in the direction of Falconer's arguments^ 
and rendered increasingly probable the main conclusions he advocated, there are certain facts 
of which he was ignorant, which materially diminish the force of one of the arguments bo 
employed in support of his general proposition. 

The first argument in favor of the co-existenoe of man and the extinct animals of the 
Sivalik Fauna, was the probability that the idea of a gigantic tortoise met with in the 
Pythagorean and Hindu Mythology had originated in a traditional acquaintance with the 
huge Colossockelys atlas, which in size was physically comparable with and capable of con- 
tending on equal terms with the largest elephant. The tortoise on which the elephant gtood 
which sustained the world, the second Avatar of Vishnu in the form of a tortoise, and the 
elephant and tortoise which during their combat were borne off and devoured by the bird 
Garuda, are adduced as instances of this idea. **In these three instances, taken from 
Pythagoras and the Hindu Mythology, we have reference to a gigantic form of tortoise, 
comparable in size with the elephant. Hence the question arises, are we to consider the 
idea as a mere figment of the imagination, like the minotaur and the chimsera, the griffin, 
the dragon, and the cartazonon, Ac, or as founded on some justifying reality P The Greek 
and Persian monsters are composed of fanciful and wild combioations of different portiona 
of known animals into impossible forms, and, as Cuvier fitly remarks, they are merely the 
progeny of uncurbed imagination ; but in the Indian cosmogonic forms, we may trace an 
image of congruity through the cloud of exaggeration with which they are invested. We 
have the elephant then, as at present, the largest of land animals, a fit supporter of the 
infant world ; in the serpent Asokee, used at the churning of the ocean, we may trace a 
representative of the gigantic Indian Python ; and in the bird-god Gkirdda, with all his 
attributes, we may detect the gigantic crane of India (Ciconia gigawlea) as supplying the 
origin. In like manner, the Colossochelys would supply a consistent representative of the 
tortoise that sustained the elephant and the world together. But if we are to suppose that 



eBOLotfTC4L sPKrFr or ixdia. 



PART 4.] Theobald: Antiquity of tie Hwnan race in India. 14'3 

^the mTthblogical notion of the tortoise was derived, as a symbol of strength, from some one 
of those small species which are now known to ezif«t in India, this congmity of ideas— this 
harmony of representation, would be at once violated ; it would be as leg;itimate to talk of 
a rat or a mouse contending with an elephant as of any known Indian tortoise to do the 
same in the case of the fable of Gardda. The fancy would scout the image as incongruous, 
and the weight even of Mythology would not be strong enough to enforce it on the faith 
of the most superstitiouB epoch of the human race." — Page 676. 

The above argument is plausible, if it may not be termed forcible; but since it was 
written, additional light has been thrown on the subject, and it has been ascertained that the 
Fauna, habituaUy referred to by Falconer as the SiwUik, in reality comprised two Faunas, 
derived from two perfectly distinct groups, which were first discriminated by Mr. Medlicott 
{vide Memoirs, Geological Survey, YoL III.) under the names of N&han and Sivalik, in 1864. 
Now, the co-existence of man with some, at least, of the extinct members of the Sivalik Fauna, 
though not as yet established, is what the discoveries of any day may put beyond question ; 
and were the Colossoohelys a member of the more recent, Sivalik, fauna. Falconer's argument, 
quoted above, would, in my opinion, have great weight : but we now know that Colouochelys 
was not a Sivalik species but a member of the older Nahan faupa, no species of which- is 
certainly known to have survived to Sivalik times. Colossochelys was among the fossils for- 
warded by Colonel Bumey from Ava, where it was associated with Mastodon latidens, Clift, 
and JSlophaa Cliftii, Fal. {Mastodon elepkantoides, CUftt in part). Now, both these mammals 
are N&han species, and during the last season a superb palate specimen of JS. Cl^U, Fal., 
was procured by myself from N4han strata, near Talowra, on the SujUej ; whilst Mastodon 
latidonSj Clift, was recently procured near Lehri, not far from Jhelum, by Mr. Wynne, accom- 
panied by 8us hysudricus, Fal., both fossils differing considerably from Sivalik remains in aspect 
and mineralization. I have not visited Lehri, but I have good grounds for believing the 
foesOs from it to be all of N&han age, though this I need not enter on here. I have also 
myself procured during the last season specimens of Colossochelys from N4han beds near 
Beyra or the Bi&s, so that the evidence of the geological age of this remarkable form is 
tolerably complete. Tliis being so, any arguments short of direct proof of the co-existence 
of man and the Colossoehehfs are vain ; since, with the enormous gap intervening between 
the groups, it is far more unlikely that remains of man will be ever found in the older, than 
it is probable that they may be discovered in the younger. 

The second argument I would refer to is contained in a paper by Falconer, published 
posthumously in the Quarterly Journal of the Geological Society for November 1866, and 
reproduced in the Falconer Memoirs, Vol. II., p. 632. I cannot do better than give the 
passage as it stands : ** The third fossil species {EAppopotamM Palaindieus) is perhaps the 
most important in its indications. A quadruped, so remarkable for its size, form, and habits, 
must everywhere have forcibly impressed itself on the attention of mankind, and struck 
with the close resemblance of the Nurbuda fossil buffalo to the existing species, the 
question arose with me : ' May not this extinct ^hippopotamus have been a contemporary 
of man? and may not some reflection of its former existence be detected in the extinct 
languages or ancient traditions of India, as in the case of the gigantic tortobe P' Following 
up the enquiry, I ascertained from the profound Sanskrit scholar, fiajah Badhakanta 
Deva, that the hippopotamus of India is referred to under different Sanskrit names of 
great antiquity, significant of ' jala hasti,' or ' water elephant,' in the ' Amarakosha' and 
' Subda-ratnaindi.' This view is confirmed by the opinion of two great Sanskrit scholars, 
Henry Colebrooke and H. H. Wilson. The former in his annotations on the ' Amarakosha' 
interprets the words ' Ghr&ha' and ' Avah&ra' as meaning hippopotamus ; and the latter not 
only follows this version, but gives two other words, ' Kariyadus' and ' Video,' which he 
supposes to signify the same animal It is therefore in the highest degree probable that the 
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jMcieiil iahabiUiitf of Ia£a vere faywifiar vitk the lippipotnns m m Eviag 
H is eontnrj to ewerj probafaifitT that tiiii kaovitdff^ oC it vm diswB fion the Afrifii 
fpeeie* hnpoited from Bf^jpt or AbrMinb." Coondcrne the MipM r tMl Hne here nind, I 
1^ it would be estieoielj demaUe'to obtaBB Hneoidnntflrjr opfangn, if poiwbk of the 
pbilolo^fad qnertaoa ioTolred, aod aeoordiaglj iddiBtd a sole to aqr old feieod. Baboo 
Bajcndrattk M itra, statin}^ the caae and feqaertin^ hii opiaioii m to whether or do anj 
gannkrit wotda were known whieb could evtainlj beicfiemd to the h^popolaauB; Hia leplj 
iraa stioi^j negatiTc of tbe idea, and I glre it in falL 

^Tbe jalakatti doca not oecar in the Aatmraietkm, b«t in aone of ili eonunentanea 
it ia givc*> M ^ fjnonjin of awakdra. In the Sagdmmmdm^ a Sanakiit Bnddhiat dnuna, 
^alakmmforaM are deaoibed aa aporting in the watcta of a river. K^mfmn ia but anoiher 
wotd isx hofti. The eoonterpart of tfaisoeevn in the RifaiartmgM^ where jaiagamdkAka 
ia naed for jalakattL Neither of thcae hooka, however, affoid any due to the nature of the 
animal tbej deacribe. The Sanskrit Dictionaxy of Bobtlingk ai|d Both gires 'wasaer- 
elephant" on tbe aatfaoritj of Hemaanri, who aaya it ia an ekphant-like animal, which 
dwelb in water {jaietkm kasij^dkdrdi od). The AwtarahMka takes the grdia and the 
avakdra to be tbe same animal, which, according to one commentator, is the same with the 
shark, kdngara {kdmgardkkye jala-jamiam) ; and aeoording to another, a slender, long animal 
that frequents the confloenoe of laige rirers with the sea {Mamudra^wiahduadyoh tanffam^ 
latdkdra janiu vueakah). At least half a doMn otbem add to the above definition * com- 
monly known by tbe name ' bii^ara' (shark), bat not applicable to eiooodilea ;' and I see no 
reason to differ from them. There u nothing in any Sanskrit work which can be accepted 
as ft positive proof of -the Jalakatii being other than the ffrdha, and was used to indicate 
the bippopotamns. I most add, bowerer, that Wilson, in hia Sanskrit Dictionary, gives the 
word bippopotamns against avakdra with a mark of interrogation. Qe has not given 
the word jalakasti.'* 

After perusing the above remarks of so eminent a soholar, I think few will be inclined 
to attach much weight to any aixoment resting on so insecure a philological base as tbe 
above is seen to be ; indeed there is a more fonnidable diffioal^ even than the abor^ an- 
certainty, as to what animal was really meant, in the fact of the wofds presnmed to signify 
hippopotamus being of Aryan origin, which wonld at first seem to carry forward the 
presence of the bippopotamns in India to so late a period as the A?7<^o occnpi(tion of the 
country. To this length Falconer, however, does not go, as he remarks with respect to this 
difficulty — ** After reflecting on the question during many years in its paLeonto)ogical And 
ethnological bearings, my leaning is to the riew that ffippapotamu^ ^amadicuM v^as extinct 
in India long before the Aryan invasion, but that it was familiar to the earli^ indigenous 
races" (Memoirs, Vol. II., p. 644). Without, then, questioning the probabi}itv that this 
WAS the case, I think that it must frankly be admitted that the philological argument is 
totally insu{BcieBt per se to establish such probalality. 

It remains, however, to determine what animal the jaUtAatti really was. It was clearly 
an unwieldy animal frequenting rivers, and not the crocodile. The supposition of most 
comraentato|« that it was the * shark' was probably due to the fact that tl^ey were acquainted 
with pQ more likely animal to which to refer it, ^ongh there \b no possibly simikrity or 
points in common between a shark and an elephant to render it piobi^ble that the o|d Aryans 
bestowed ^he name water elephant on the former animal. Tl^e ohservation of one of ihe 
poroinentators quoted by B&jendral^Ia Mitra, to the effect that it frequented the junction of 
large rivers ^ith the sea, (though coupled with the remark of its being long and slender, 
which no clophant>liko animal can properly be called,) seems to throw a light on what may 
poMHibly bo tliG animal intended ; for having witnessed the awkward evolutions of dngongs 
Hpoi ting of ^ cvoniug on the oily expanse of still sea at the mouths of rivers on the eastern 
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Aide of the Bay of Beogal, I can well undentaad how the term ' water elephant* might he 
i4>plied to that anin^al whoee heavy maaeive head and hulky form, imperfectly peroeiyed 
beneath the water, is eoggestive of somewhat elephantiQe proportions. I offer the suggestion, 
however, merely for what it is worth, and u one certainly more probable than that the ' water 
elephant' can be either a shark or any slender animal or Qsh, whilst the probability of its 
being the hippopotamus is one involving too serious issues to be adopted on the slender 
grounds alone of verbal applicability. 



.} 
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GeOLOOICAL NoTBS MABB ok a visit to THB coal BBCUVTLY DI8C0VBBED IK THB COUNTBT 
or THB LUKI PaTHAKS, 80UTH-KA8T COBKBS OF AfOHAKISTAK, by Y. BaLL, M. A.. 

€^€Qlogical Swrvpy qf Jndia. 

In the following pages I purpose giving an account of the geological structure of a 
portion of country which, being situated for the most part beyond the British frontier, where 
internal strife ai)4 raidiqg is the normal state of things, is one which, except under sudi 
special arrangements as were nu^ie on tbe present occasion, could not be visited by a 
geologist. 

for this reason it Js important to ppt on record even the somewhat imperfect obeerva^ 
tions which were made during a few days hurried ride through theee little known regions. 

Fortunately, the ro^te taken by the expedition from the plains at Saki-Sarwa to the 
most distant point reached in the Cbamarlang valley (about fifty miles as the crow flies) was 
more or less at right angles to the ptrike of the rocks and of the principal hill ranges, and 
thus in each day's march a section of the rooks was traversed which served to indicate the 
geological struciknre. The facility witb which such rapid observation oou]d be made being 
in a considerable measure due to the poverty of the vegetation* which was nowhere suflicient 
to hide the rocks, and thus tl^e eye was enabled to trace individual beds through all their 
bendings iox many miles. This freedom from jupgle repders geobgiring on the north-west 
frontier a very different thing from what it is in the central parts of India and in the 
Himalayas, where, for the most part, the geological structure can on)y be ascertained by 
systematic plodding up the beds of streams and hil} sides, and where a bird's eye view of the 
relations of the different fonpattons is aeldom to be obtained. 

My observations being restricted to a limited portion of the great 8ulim4n range, I do 
not attempt at present any generalisations or even comparisons with the geologically known 
regions to the north and south, but sh|ill confipe myself as much as possible to an enumer- 
ation of the observations made in this particular locality. 80 fiur, then, as reference to pre- 
vious notices is concerned, it }s limited to the correspondence rpkting to the discovery of the 
i)oal, the e:(a|ninatioQ of which was the object of my mission. 

History qf the coal, — ^The first discovery of coal in the neighbourhood of the Bulimftn 
range, west of X>era Gh&zi Kbin, was, in the year 1863, reported to the Officiating Deputy 

« I ^ indel^ed tp Mr. 8. Knn for Uw identiacstlo^ of snuUl ooUeetton of the niofl ohanMtOTistic pUsU 
irhich occur in these hillf. 

Perhapp the most common tree on the hille ta a ipedee of olive fOU^ fgrrnpimett, "SLoyle^^O. Bmropm Var.). A 
llabelliform palm Ckqmarop* BUekisawm, the fhilta of which are mnch tovght after by the pilnchis, occurs on the 
hill slopes and in the valleys. Dapknt oUtAde*, L., Qrtmia popui^plia and Dodonea viaama are also found on the 
)iills. In the vaUeys, species of Aeneia and Tamarim arc not uncommun, and Verinm odorum and Z:sjfphm9 jupAa 
occasionally occur. Besides the aboTC, sercral herbaceous plants, which it is useless to epumerate here, were also 
pollooted. 
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Commismoner, Captain W. M. Laae, by ffird&r Jam&l Eh&n, chief of the Lagan tribe. Speci- 
inens were forwarded by ibe Lieatenaiit43oTenior of the Punjab to the €reological Burvej 
for report. The examination shewed that moet of the spedmena ooonrred firee fj» sUu ; the 
fracture oonchoidal; stnctore obacnrely woody — one specimen splintery with a black 
streak, the other tongh with a brown streak. Specific gravity 1'45. Water 13 p. c 

Composition — 

Carbon ... 44H) 

Yoktile ... 50-5 

Ash ^ 5-5 



100^ 



Traces of sulphor were observed. 

The locality whence this coal had been brought was Tiaited subsequently by the Deputy 
Commiasioner of Dera Qh&zi Kh4n,* who wrote — " The best specimens were found in the 
Mithanwan pass, near Chota B&la, but even here the seams are so small that they would 
never repay the labour of working them. The seama of coal lie embedded in the rock chiefly 
of the sandstone formation." 

After much labour for a whole day about 10 seers of coal was obtained " The laigest 
Teins are not more than 6 inches long and about 2 inches in depth." It was justly concluded 
that the deposit was not worth working. The aboTC-menticmed coal from the outer (eastern) 
flanking hills of the main axis of the Sulim&n range was, up to the year 1870, the only 
known example of the occurrence of the mineral in that latitude, although both to the north 
and south at Ealab&g and at Lynah, in Sind, coal has been known to exist in limited quan- 
tities for a long time. 

In 1870, the present Deputy Commisnoner Captain B. Sandeman reported the receipt 
from some Biluchis of specimens of coal inm a quite new locality situated in a range of hills 
ninety miles from the British frontier. The account given by the Biluchis represented the 
coal to be in considerable abundance, and as the assay of spedmena which were forwarded 
at that time indicated a good coal,t it seemed probable that an important and valuable disco- 
very had been made. 

Accordingly, in the present year, a favorable opportunity occurring, Captain Sandeman 
pud the principal locality in the Chamarlang valley a visit, when, in a short time, 50 camel- 
loads of coal were collected by the Biluchis, and the impression formed from the appearancea 
presented by the seam was that the coal existed in suffident quantity to be of economic 
value. The coal collected on this occasion was forwarded to Lahore, where it was tried 
in a locomotive, and gave fairly promidng qpsults. At this stage it was determined that the 
locality should be visited and reported upon by an officer of the Geological Survey^ and the 
following account embodies the results of the examination :—> 

BoUrU. — Before proceeding to the detailed account of the rocks, I shall give a short 
sketch of the route traversed on the rdad to the coal. 



* Letter to Seeretiiy to Gorenmient, PmOab, PubUe Works Depwtment, dated Mth Notember 1S68. 

t The poDpodtion of theie Bpecimeni wm u foUowi :— 

Ourbon ... ... BS-Q 

VdUttUe ... ... 84-4 

Ash M. ••• S^ 

loot) 
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Leaving Dera Qh4zi KMn, which, though within the normal area suhjeet to inundation 
from the IndnB, is protected from iignry hy considerable dams, the road westward to Yaddore 
passes over for the most part cultivable land» broken here and there by tracts covered with 
drifting sand-dunes. Between Yuddore and Saki-Sarwa the soil becomes Biore arid and 
sandy, and cultivation is more restricted to what may always be called oases. The wild 
vegetation, consisting of species of Tamarue, ZizyphuM^ Calatropis and Euphorbia^ indicat- 
ing the character of the soil. At Saki-Sarwa,* which is said to be 926 feet abcnre the sea^ 
the surface is covered w\th a wide-spreading talus of boulders. 

At the foot of the hills, close by, is a narrow margin of horizontal beds of sandstones 
and conglomerates, inside which again rise an older series of ranges formed of beds with a 
steep mcline outwards, the dip being in places from 60° to 70^ Nothing can be conceived of 
as being more desolate than the aspect presented by these ridges, scarcely a sign of regeta" 
tion breaks the uniform brownness of the arid rocks. Entering the hills by the Siri pa8S,t 
four miles to the south of Saki-Sarwa, we find that the marginal zone above spoken of, has 
spread to, a breadth of about four miles ; the nearly horizontal beds of which it is composed 
completely covering up the highly inclined beds which appear near Saki-Sarwa. In the section 
exposed in the cliffs bounding this pass, a thickness of about 600 feet of beds of sandstone and 
conglomerate is seen. In places these dip to the south-east or east-south-east at an angle of 10** ; 
and the disappearance of a bed of conglomerate at this angle accounts for the sudden and 
total extinction of a steady current of water which comes from the interior. Judging from 
the map, this seems to be the fate of most of the rivers along this frontier, few of .them 
finding their way to the plains, although the continuation of the nalaks or dried-up water- 
courses indicates that they have done so formerly, or even may do so now under the excep- 
tional circumstance of a heavy and long continued rainfall.^ 

The goige of the Siri pass is about four miles long. At its western entrance the 
horizontal beds are well seen resting on the highly inclined older rocks. Here a valley opens 
to view, in which, as far as the eye can reach to the north and south, numerous ridges, formed 
of green and red shales or days and brownish sandstones, and further in, white limestones, 
crowd the space. All the beds dip outwards from the main axis of the Sulim4n at consider- 
able angles, none under 90^ and in places exceeding 70°. In the neighbourhood of Kadii,§ 
highly ibssiliferous white nummulitic limestones of inconsiderable thickness, alternating 
with argillaceous beds, first make their appearance. 

The open parts of this valley, though stony, support a certain amount of vegetation 
which is dwarfed (and stunted in growth, but produces an agreeable appearance after the 
dreary waste outside. 

Underneath the limestones occur some alum shales, and a succession of shales and 
sandstones. The ascent to the main axis of the Sulim&n range traverses the up-turned edges 
of these beds. 



* The tomb of 8aki-Ssrwa ii a pltee of nueh mort both by ^**M?tftfi!anff tnd Hlndns. A m^ls, which 1b farid 
in the cold weather, attncte many tboosaade of pilgrime ererj year. 

t An old kafila route to Kandahar. 

t An instance of the latter oaae, Indeed, has come to notice daring the paat few weeks since my Tisit; the 
floods which have cansed the Indns to break into the old bed of the 8atl«j and innndate the station of Om^ote 
having been principally doe to the access of immense bodies of water from the lateral tnbntaries which drain the 
Solimin range. The xainfkll in Bilnchistan has been quite exceptional in this monsoon, and the loss of cattle and 
the i^Joxy to booses has in conseqnence been considerable. 

S In this Ticinlty I fonnd it qnlte impossible to fix my position, the ooanea of the rivers and low nnges repre- 
sented on the AtlasHiheet mape portoing purely imaginary directions. 
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From this the route lay sotith-soath-west, through Chuti M&ri, for fifteen or sixteen 
milesj the rocks, if we except tome merely local rapid contortions, gently rolling as ripples do 
on the top of a gieat wave. The principal ttxsks in thefte higher regions (4,000 to 5,000 feet) 
oondst of dark piirple sandstOnta with highly ferruginous hands aiid occasionally hadly 
ptfserved fossils. But there is one marked hfemd bf well premrved specimens of a species 
of Osirea, These test upon greenish ahd grey khales and occasional bands of a dark blue 
ahd Very dense ciileareous sandstones in which no fossils w^re apparent. 

A bungalow brected by CJaptain Sandelnan is Hituated oh a partially isblaied flat-topped hill 
about 6,880 feet above the sea and twenty miles soUth-south-west of £k-!bai — the highest 
pieak in this part of the range. 

From the btmgalow ouir h)tite lay in tL nolth-westerh directibn, or nearly at right angles 
across .the strike of the ininor ranges to the West of the Suliln&n. Passing down over the 
Western slope of the main anticUnal, the dip of which is much more gentle than the eastern, 
we reached the Rakni Valley, which is situated in a syndinal trough, the rocks on its western 
side rolling oVer again In an aUtidinal and forming the Deka aild Maz4ra hiUs. 

The Rakni valley is a fine opeh flat plain, fi^m five to six miles wide aiid 3,280 feet 
above the seiL It ap|iears to be tolerably fertile, and is inhabited by a tribe called Hadianis. 

In the JMss to the iiorth of the t>eka hill tt good section Of the anticlinal is met with, 
the beds of shale aild sandstbne, a inile fbHher on, disappearing beneath the iiummtllitic 
limestones. Which latter — between this and I'aghAr, another fertile Valley — ^form a synclinal 
trough. Between Tagh&r and the ^arvada rahge, which bdunds the Chamarlahg valley on 
the east, ttiere are a stecession of valleys (tit tke most part formed Slong the dtouded axes of 
anticlinal tolls of the limestone. On the scarped side of the Harlnk portion of the Karvada 
range the older rocks, sandstonee and shales, re-appear underneath the lilnestones. And 
in tibese tocks, close to the Western foot of the tange, at about 800 feet below the base of the 
limestonci occurs tbs principal coal locality, where, associated with layers containing fbssila of 
oysters atd turritellas, occur tWo seams of coal ; ohe of them Averaging 2 inches, lind the 
other about 9 inches in thickness. Other locdlities where this horixon was met with will be 
found meiitioned fhrther on. Tiine did not admit of my examining the Dadar and Sobsi- 
diary ranges which bound the Chalnarlang Valley On the west. But so fiir as li distatit view 
can justify an opinibn, all theSe hills appealed to be formed of ths lower rocks, with the 
reversed dip of the anticlinal ; Dudar hill itself, which is 6,280 feet high, nbt appearing to 
liave even a cap of the nummulitic limestonlt. 

Our Mum route by the fiinki and Hah passes afforded an ot>p(>rtumty bf extbndtng. 
Very considerably, bur observations on thd geography* and geology of th^ country, as it 
traversed the rangSs at a disti&nce of fioin tWenty to tWehty-five inil^s south-west of our 
route out. 

On the way to the Hinki valley, at the sbuthern end of the Karvada range, H section of 
the coal-horizon rbcks is disclosed. Iti a pass here, ththre are Some thin layers of coaly matter 
in blue concretlofiaiy shales, the dip of which is 70^ to soiith-south-kist. A &ult has 
brought the edges of these rocks into contact with the edgeS of the limestones. The Uitiki 
Valley runs along the denuded Crest of tfn anticlhial toll of the lattet rbcks. 

Between this aild a fine dpen valley called Pasta Mai'a the lower rocks are in several 
places exposed, beyond the latter place they eiltend for some distance to the north-West inttf 
the, for the most part, limestone area Which lies between the Karvada and tljh Hills. 



* Ctptain Lockirood, Srd Panjab CitTalry, made a sketch Borrbj of the boontrj fh>iii ^hkh that portion of the 
Sooompanylhg map wbteh lies ireat of the SalimKn ranf^e has been compiled. Most of the iteratiooi giten in tfaK 
|»aper are firom aneroid measurements by the same gentleman. 
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These lower rocks oontintie with several rolls until they slope up to the Jhandran range 
when a sharp anticlinal bend canses them to dip suddenly and disappear under the limestones 
of a marked range which bounds the Barkan valley, and of which an admirable section is 
exposed in the Han pass. 

The eastern peak of Jhandran is about 1,200 feet above the valley. Vegetation is some- 
what more abundant upon it than on the surrounding hilb, and medicinal plants, which are 
reported to have special virtues, are found upon it. It was said that thb hill had been the 
abode of a Faldr, some of whose domestic utensils had been turned into stone. Anticipating 
that some fossils of remarkable character might have given rise to the tradition^ we ascended 
the hill, but our guides could not^ or would not^ shew us the cave in which these articles were 
said to occur. 

Close under this peak there is a spring which yields a perennial supply of water. The 
banks of the river passing through the Han gorge are for the most part formed of a calcareous 
tufa, in which twigs, leaves, and recent land-shells abundantly occur. This deposit is similar 
to the well-known Asarhar of India. It does not appear to be in any way connected with 
the above-mentioned spring, which, if any, deposits but a very slight amount of calcareous 
matter. 

The Barkan and a succession of valleys to the north-east present a fertile appearance* 
and there are several large and populous villages of the Khetrans situated in them. As their 
name implies, these people are cultivators;* but owing to the constant liability; to attacks, 
cultivatiGn is for the most part confined to the immediate vicinity of the walls of the villages. 
These valleys run with the strike of the limestones. To the east the ranges, of which Mazara 
is the principal peak, can at once be recognised as being formed of the older rocks both from 
their dark appearance and the different form of weathering which they present when compared 
with that of the ranges formed of limestones. 

From this point our return to the Bungalow through the Bakni plain lay along the 
same route as on our outward march. 

The rocks seen in the above sections are referable to several distinct formations as 
follows :— 

1. Rbobnt (a) AUuvium, hill detrital beds, sand, and calcareous ixd&. 

{2. Pliocbkb P {b) Sandstones and conglomerates. 

3. MiocxNB P (c) Sandstones and clays, 

r (cQ Nummulitic limestones. 

4. EocMB ^ ^^j Sandstones and shales.t 

Recent (a). — Regarding the recent beds, in process of formation at present, but little of 
interest can be said. The alluvial area from year to year receives an increment from the 
inundation of the Indus and its tributaries. The drifting sand dunee constantly changing 
their positions creep along hefore.the prevailing winds often, in their course, covering up and 
rendering useless cultivable land. The increase of the hill detrital and talus beds in this 
country of small rain-fall takes place but slowly. The travertin and calcareous deposits are 
forming in several places. In the Han pass there is, as already mentioned, a considerable 
exposure of this rock, but the sources from which it was derived are no longer in action. 

Pliocene ? (5). — In the absence of any fossil remains, it would be premature to attempt to 
refer the fringing beds of sandstones and conglomerates, which, as I haveabovo pointed out, 

* DeriT6d from Xkd, a field. 

t Possibly looM of thtie whan mon foiiU eridssce ii ooUeetcd will bars to be reftrrsd to tbe woondaiy period 
(eretMOOQi). 
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we particaUrlj well seen in the Siri pam, to any of tbe known groups whidi bare been 
•eparated by their fossil fauna in other parts of the oonntty. That these rocks will, wfaea 
they come to be thoroughly eiamined, prove referable to the age of the Siwaliks is not only 
possible, but, from their position and associations, highly probable. 

The facts observed regarding these rocks are, that in the Siri pass, where there is a good 
section exposed for a distance of about four miles, they consist of coane sandstonesr 
conglomerates, and boulder beds aggregating a total thickness of from 500 to 60O feet In 
places they appear to be quite horizontal, but are for the most part inclined outwards, having 
a mimmnm dip of 10** to south-east and east-south-east. At the western end of the Siri 
pass they rest upon and against the inclined edges of the rocks next to be mentioned. 
Judging from the appearance of the map and of the countiy so far as it could be examined 
by a distant view, there is a greater breadth of these fringing rocks at the 8iri pass than any- 
where else in the neighbourhood. At Saki-Sarwa, for instance, the highly inclined lower rocka 
almost adjoin the plain without the intervention of more than a very narrow fringe, in th* 
plains to the south-west of Saki-Sarwa, however, quite detached from the main maaa of 
elevated ground, occurs a long range of low hills which from their amorphous stanusture wiU» 
I anticipate, prove to be formed of these beds. 

On Use west of the Sulim&n range, in two localities, I met with conglomerate beds 
reaemUing in their lithological structure these rocks ; the first, situated at the western base 
of the Deka hill, may very possibly be of this age ; but the second, in Karer in the Luni 
Pathan's country, partakes so completely of the disturbance of the limestones upon which 
it reata, bang included in a vertical synclinal fold, that I am forced to believe that it must 
belong to the age of the group of rocks next to be mentioned. 

Miocene f (r). — As to the characters of the whole of this group I am not in a position to 
speak, since its higher members are covered up by the rocks above described in the Siri 
nection. Much as I should like to have examined these rocks in detail, the season was not 
\HW in which it was |KMaible to do so without considerable risk. The general appearance 
|m>««iil««l by thtNM MS vWw«d from a distance shews that they consist of dark brownish 
iKiud«tou»ii (u IhhIs kX no )t<vat thit>knoss, alternating with bright red, greenish and grey 
vl»i>*. Thi»v \\\y ouiwnixl (Mi»t) to the plains at angles of from 30° to 70^ and strike 
^\\\\ \\w iimlH MulliuAu a«lii, \\\k\\^ or letts north and south. I had no time to examine them 
\ss\ i|i«<ii[«« {\\\S W U |it\»Ul)ie that they will be found to correspond with one of the known 
llh>H|«ii \\\ iuitM>i>MM \^x k\\kUx pliuovue «ge (NdhansP) of the Sub-HimaUyas and Salt Range. 

Om ()iI« >uU> iit the HuUmAus Utey uo doubt extend for a oonnderable distance, to 
\\\\\\\\^ hum \\\^ iiuUui vii)W and the physical features indicated on the map. I fully anti- 
l<i|•||^• \\\\\\, UiM \mU whioh are exposed near Saki-Sarwa will be found continuous with 
lln«4i* liMiiWM Mi (HHUiv uuioh furthor north in the vicinity of Banu.* With the 
lMi|H<()(if \\xM I |Mi4M«H it Im of ooarso impossible for me to say whether this group is 
iMiNi ' i<Mt4l«« kI «mIi tllviniuu or not. Fossil evidence, in the absence of internal unconformity, 
I HI mIhim* [\\^^\\W thU The total thickness cannot, I believe, be under 3,000 feet and may 

/^•'ifMi' |i/) With iht> i^p|Hmranoo of the nummulitic limestones we reach a geological 
fi(iiU'iH, HM hi lhi« Hitiul((^« uf whioh thvri^ can be no doubt. Abounding in well preserved 
f • i||i iiMit ^\\\\ yiv\\ MmiKvnl )itho)(V)(ioal ohartictorB, these rocks can be readily reo(^nised 

I III li'«ht \\k\^\ \^\'V\\\ 



>• Mrt|t |h ><> HMi|*>iMf hi VvtvUori«*ft ii^iHtrl «w thtf fvoloiry of Kaihuilr, the Western Himalaya and Afjphan 
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In the east to west seotton aoran the oountry described in the preceding pages the 
limeetones are first met with in the vidnity of Kadji, where they underlie, oonformablj, the 
Mndatonee and ahales just described. Here there is but a small development of the calca- 
reous element which is confined to a few small bands associated with shales and sandstonea- 
This local alternation in the character of the beds when compared with the considerable 
unbroken ihicknesses of limestones which occur in the sections further west, and which will 
be described below, suggest that this locality must have been situated near the margin of the 
sea in which the deposit took place, and was therefore more subject to the inroad of foreign 
materials than the areas in which the limestones are now found of great thickness and uni' 
form character. 

The fossils found at Kadji consist of Pelecypada, Gastropoda, Schinodennata, and 
Nummuliiest the species being identical with those found in the limestones of the western 
localities. Sekmodermata appeared from my collections to be relatively somewhat more 
abundant in individuals at Kadji than they are in the west. 

As to the thiekness of these rocks here I cannot venture an opinion, but it appears to be 
very much less than it is in the west 

Crossing the anticlinal ridge of older rocks which forms the main axis of the hills, we 
first meet limestones again resting on the flanks of the reverse slope, where to the west of the 
Bungalow at Sandemanabad they occur as a narrow strip of buff-colored rocks containing 
nummulites and probably other fossils. 

Further west, beyond the line of the Deka and MazAra hills, limestones are again met with» 
but here we seem to have reached the area of mazimun^ deposit, for we find thicknesses of from 
1,000 to 2,000 feet with no breaks in the uniformity of their character save those caused by a 
few bands of nummulites which are densely compacted in a green silt. These bands are more 
strongly developed on the east side of the Tagh&r valley than elsewhere. There the tough 
limestones may be seen standing out from between the friable nummulitic beds. Nummu- 
lites are not, however, by any means confined exclusively to the latter beds, as they occur 
pretty generally throughout. 

At Taghir, for some cause, the molluscous fossils were very badly preserved, being for 
the most part only in the form of internal casts, but of such there was a great abundance. 

The section from the foot of Deka to the Karvada range, which bounds the Chamarlang 
valley, discloses only these rocks rolling in a succession of synclinal and anticlinal folds ; 
except that towards the end of the Kerar valley there is a very sharp synclinal, which has ' 
caught up in its embrace a fold of conglomerate. This bed containing, as it docs, fragments 
of the limestone, must be referred to a more recast period. 

Underneath the limestones of the Karvada range, the older rocks, sandstones and shales 
with coal reappear. 

The limestones here, as in all other places where the junction of the two groups of rocks 
is exposed on the side of a hill, form a marked cliff, the sandstones and shales forming the 
under-cliff. This cliff extends all along the Karvada range, and is from its top edge to the 
junction with the older rocks from 400 to 500 feet thick. The accompanying section represents 
the relations existing between the two groups in this part of the country. 

In the Hinki valley, which is at the south-west end of the Karvada, the limestones are 
crossed by the return route. Between this and Pasta Mara they exhibit ah unusual amount 
of local disturbance, in some cases the underlying shales and some ochreous beds appearing 
at the broken crests of the anticlinals. Between Pasta Mara and the Han pass the older 
rocks only are seen, but in the section at the latter place the limestones reappear in consider- 
able thickness, dipping at low angles towards the Barkan valley- Not less than 1,200^ of these 
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eooietl liilb, levcn] hnadrad feet high, ■ti i MJing oat aa the liopi^s inks of the 
Fram tlui eMtwBris the bedftnfl of«; dopi^ ^ on the inks of lie DAm 



These fimeatonet eoBBiil for the most put of soft friable hedi of Arty white or 
I^^ fkwD oolor. Somftiniio^ hovever, thcj are rerj dme cr even irilr-r ijtrtellrT ¥tam 
among the hitter highly omamentd maitica might be wlertcd Im these Uie aeciiomt of 
nionmiifites and other fomih prasent a vciy prettj afiy e aian ce- 

On the Karrada laage hooldcn of a peeoliar atmi-ciystalfine li i wiinwi wit^ giun aiit 
intenpersed were met with, hot the position of the had from wbenoe th^ came was bo* 
aseotained. The rock is dense and heavy, and at first looked like an igneoas prodnet. 

lo piaees Teini of pore white lime* the lendt of the percolation of water, are of noi 
imeommon occorienee- 

leiyers and neiti of gypsvm, too, aie somet im es met with* Some long alioka of fihrows 
gypsom (edenite) were obtehied in the Hinki valley. 

Fosrik in theie limestones were abmidant wherever aeavched fix: The eoflseiion fanm^ 
to Galentta indndee perhi^a hnndied diibrent ipeciea. The pbem when I obtained 
these were in ihe Taghir vallej, Orakcmni, Pmia lCaia» Kn^ Karvada. and the Balkan 
▼allef . Besides these I reeeired a nnmber from Captain Sandeman from the Shnm plaiii» 
is situated some miles sooth of Saki-Sarwa. 

The following is a preKnrinaiy list of the ^edes iHiieh ware ohtMUHl :«- 



Probably several spedes, not yet detennined. 

COSALS. 

PaekyserU Murekuomi, J. Haime. 
A farandluiig ooral, not yet detennined. 

ECHIHOinaMATA. 

Cidaris VerneuiU, d'Areh. 
Pkymosama nmrnwutlUieum, d'Aroh. 
Conoclypew FUmingi, d'Aidu 
SchkaHer NcwboUi, d'Aroh. 

>, BeUmehistamemMUf d'Arofa« 
Brissopsis Sowerbyiy d'Aroh. 

Sp. P 
Besides several other spedes whidi remain to be determined. 

Pblbctfodjl 

Teredo 8p. P 

Crassaiella Sindensis, d'Aroh. 

Sp. P 
Carbula eubexaraia, d'Aidi. 
Lueina ffigantea, Desh. 

)i subvicaiyi, d'Aroh. 

), several oiher species. 
AstarU Sp. P 
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Venu9 mMrgaia, d'Orb. 
agtarteoidei, d'Arch. 
subovalis, d'Aroh. 
subevereitii d'Arcfa. 
„ Hyderahadetuiii d'Anoh. 
CardUa BeaumotUi f d'Aich. 
„ several other tpedes. 
Cardium Homeri, d'Aroh. 

„ several other speoies. 
Cypricardia Vicaryi, d'Arch. 
Area KurraehensiM, d'Arch. 

„ several other species. 
Chama Sp. P 

Mytilus tubearinatiu, Desh. P P 
„ several other spedes. 

GlBtBOFOIU. 

Neriia Sp. P 

Naiiea tigaretina, Desh. P 

n several other species. 
Trocktu, '\ 
Turbo, I 

Phtuianella, I 

Turritella, • One or more species of each of these genera. These have 
Cerithium, { not jet been determined. 
JFWnw, 
CassiSf 
Cypraa, 
Ovula Depressa, d'Axxsh. 

« 

Socene (e). — ^Underneath the nommulitic limestones occur a series of rocks which differ 
from them very much in their lithological characters, and to no inconsiderable extent, too, 
apparently, in their fossil contents. 

But these rocks, so far as is known, contain no fossils whose occurrence would be incon* 
sistent with their being referred to the tertiary period, and it would appear that lithologically 
similar rocks have been met with elsewhere underlying the limestones, and which have 
been considered to belong to the nummulitic series. Adopting this view (with the under- 
standing that some of the lower portion of this succession in which my very cursory 
examinatipn did not result in the discovery of anf fossils may hereafter yield evidence of 
their belonging to the cretaceous or some older formation) I shall proceed to describe the 
sections as I saw them. 

Underneath the limestones which, as I have above said, occur at Eac^jiy there appear some 
earthy alum shales followed by sandstones and shales. These beds dip at angles as high as 
7(f away firom the main axis of the SulimAn. After crossing some hundreds offset in 
thickness of the upturned edges of these rooks, badly preserved ^Msils commence to shew 
themselves in the sandstones, and fragments of a thin layer of densely compacted oysters are 
met with scattered over the surface of the ascent. Associated with this layer are some 
shales, and it is probably on this horizon some few miles to the north of Kadji that the 
coal mentioned on p. 146 occurs. I started one evening to visit this coal, but my guide so 
managed matters that we never reached our destination. The following day I was dissuaded 
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from my intentioa of proceeding to it in the ton, u * long ride ky before ne, and it wu 
repreeented to me that ezpoeare in theee hot Tnlkys conld not be undertaken without risk at 
this aeeeon. The opinions on this coal given on page 14fi» and the oniTenal testimony of the 
natiTee, nnite in saying that it is in eitiemdy small qnantities. And the handfol of 
fragments of lignite brooght by a special Bieawiiigni folly tpstified to the worthkssness of 
the deposit. In a geological point of riew, these traces ol carbonaceons matter, together with 
the accompanying fossils, are not without intereatp as they oonfinn the views of the geological 
stmctiire arrived at by examination of the physical rdatioDs of the beds. 

Crossing over a coofldersble thickness of these sandstones and shales the road leads 
over the Han-ki-der, a peak which is sitoated doe sooth of the lofVy Ek-Bai. This peak, as also 
in all probalnlity Ek-Bsi,are formed of dense white sandstones, under which thercis seen in a 
deeply cot valley close by, i oonsidersble thickness of green shales, so that if we except these 
shales, it is the lowest rocks of the ged<^pcal soooession which form the highest points of 
the range. From this point the edges of the rock torn over, and it becomes ^parent that 
the main axis of the range is formed by a hoge anticlinal roll, along the crest of which 
there appears to have been a fault by means of which, the upthrow being to the east, the 
turned over edges of the white sandstones are opposed to thoee of the upper beds. 

I have already on page 148 described the characters of the. rocks seen between Han-ki- 
der and the Bungalow, and as the other intervening sections are few and unimp<»iant, I ehall 
pass at once to those in the Chamarlang valley where the coal occurs. 

The first coal seen is exposed on the scarped side of a hill called Kuch-bddt. The 
section is as follows ; the thicknesses of the shales were estimated* not actually measured. 
Ascending^ 



1. Coal, dip lOo W. ... 

2. Oypseoos shales much jointed 25'*(r 

3. Coal «. 
4* Same as 2 
6. Coal ....... 

6. Shales ... 

7. Coal 

8. Parting ... 

9. Coal ... 



r 


10. 


Shale ... 


26'-(r 


11. 


Coal •... 


r 


12. 


Parting 


lacr 


13. 


Coal ... 


4* 


14. 


Shale ... 


26'0' 


16. 


Coal ... 


3" 


16. 


Shale ^ 


4" 


17. 


Coal ... 


2" 


18. 


Shale wit 



4^ 
... 2" 

... IQf'O 

... r 



The hill is capped with sandstones which contain fossils of Turritellcu. 

In this section then there is about a total of 2 feet of coal, which is distributed in 
nine thin layers throughout a thickness of certainly not less thssn 100 feet of shale. 

In another section of the same hill, three seams, possibly identical with some of the foro* 
going, locally swell out in places, but do not average more than 2 inches in thickness. 

Passing from this hill up a small valley in a westernly direction we meet another section 
at the end of the Harluk portion of the Karvada range, the geokgieal horizoa being pre* 
clsely identical with that of the foregoing. 

Here there are in all about seven seams, the thickest of which does not exceed 6 inches. 
The dip is much disturbed. 

The next locality is in the continuation of the same beds on the western or scarped side 
oT the Karvada range, where it overhangs the open valley of Chamarlang. 
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It wafi at tbis locality that the appearances seemed to justify the hope that coal in work- 
able quantity would be found. The following is the section of rocks exposed in this range 
in ascending order : — 

Blue and green clay shales. 

Sandstones with fossils of Turritella. 

Shales. 

Coalf good, averaging 9 inches in thickness, strike N.-E. S.-W. ; dip 3C° S.-E. 

Shales with strings of coal. 

Oyster bed. 

Sandstone with badly preserred fossils. 

Green shales. 

Sandstones. 

Red day shales. 

Limestones about 400 feet thick to the erest : below the crest, on the eastern slope, 
about 300 feet more seen. 

The same section appeared to be pretty constant along the hill side for a considerable 
distance, the coal continuing for upwards of a mile at least. As to the character of the coal 
I shall again speak further on. 

• 

The next and last section in which traces of coal were found to occur is in a pass at the 
south-west end of the Karvada range and which leads into the Hinki valley ; here some thin 
layers of papery coal were observed in the bluish green shales, which at this spot are much 
disturbed, dipping from 70° (to south-south-east and south) up to the vertical ; further on, 
their edges are brought in contact with the limestones by a sloping fault. 

Between Hinki and Pasta Mara the lower rocks occasionally crop out under the broken 
crests of the anticlinal rolls of the limestones. Beyond Pasta Mara again these rocks appear, 
as has also already been mentioned, and finally rise to form the Jhandran range. The route 
l>etween these places crosses through one short gorge not 300 yards long, which is cut at 
right angles through an anticlinal roll of dense calcateous sandstones, probably the same as 
some seen on the main axis near Chuti M4ri. A sudden bend to the east carries these 
beds under the limestones of the Barkan valley. 

Fossils, — The evidence afforded by the fossils which I was able to collect as to the 
age of these rocks is unfortunately somewhat meagre. 

I found no trace of any oephalopods whatever, and some could hardly fail to exist if the 
Tocks are either cretaceous or Jurassic. 

Both Dr. Yerchere and Captain Vicary described somewhat similar rocks ; the former 
in the north of the SuHm^ns, and the latter in the south. It hardly comes within the range 
of this account however, as I have afaready said, to attempt to doaety correlate these rocks 
with others observed elsewhere. 

The following is a list of the fossils which for the most part have only as yet been 
^nerically determined : — 

Pblbctpoda. 

Ostr^a mulUcosta, Desh. 
O. Flemingi, d'Arch. 
0. eallifera, Lam. ? 



iv. 
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On the other hand, as rendering it improbable that snch a thick deposit will ever be 
found, three argmnents may be ennmerated ^— 

1#%. — ^The experience of all those who have explored, oi attempted to work, the coal of 
the same geolo^cal age in Sind and the Fai\jab is against the probability of coal pftla^ng in 
large quantity. 

2»(£^.— The country in question has, under Captain Sandeman's orders, been thoroughly 
searched, and all parts are well known to the different tribes, yet no coal forming a thick 
seam has been discovered. The slight coaly indications, which have in sdme places been 
observed and pointed out by the Biluchis, testify to the intelligence and care with which 
they have hunted over the ground. 

Zrdlff. — ^My own examination of the ground has shown that the geological structure 
warrants the belief that since we have rooks of precisely the same age on the outer or 
eastern slope of the Sulim&n range as those with which the coal is associated in the Chamar- 
lang valley, the prospect of finding coal at the former locality should be as good as it is at 
the latter ; and not only as good primarily, but from the high inclination of the beds, their 
edges bdng all exposed, very much better. At the same time these outer ranges being 
readily accessible to the people of the plains, many of whom, besides the chiefs, have some 
idea of the value of coal, it seems reasonable to conclude that did a large seam occur, it would 
long ere this have been brought to light I have above described the character of such coaly 
indications as have been discovered east of the main range, and have pointed out how unim- 
portant they are. 

Had the Chamarlang valley been the only locality examined, it might possibly have been 
concluded that boring would be advisable to prove the lower rocks ; but as these lower rocks 
are elsewhere exposed and have yielded no trace of a seam, it may be stated that boring could 
only involve an almost certain waste of money.* 

For the benefit of non-geological readers, I shall allude here to a theory which was 
mooted in reference to the Lagari coal in the early correspondence, and which theory I have 
known also to be applied to inferior or small deposits of coal of very much greater age than 
it. This theory is that the coal is not abundant, or is of inferior quality, because it is only 
''in process of formation." Geological chronology is not yet so far settled as to enable us 
to say how many thousands or millions of years have elapsed since the coal became coal ; 
but this we can positively assert, that since that time the only possible change that can have 
taken place is in the wrong direction,, in other words, the abstraction or removal of the 
combustible portions. Nothing short of a mirade, and miracles find no place in the operations 
of nature, could convert the substances in contact with the coal, be they silidous» calcareous, 
or aluminous, into carbon or bitumen. 

SuLPHtJB.'^While in the hiUs I heard of a deposit of sulphur which occurs in the Soree 
pass ; subsequently Captain Sandeman obtained some specimens of the crude ore and the ma- 
nu&etnred sulphur. The former proves to be gypsum, which is much penetrated by strings 
of sulphur. This deposit) if not the result of more direct volcanic action, has probably been 
derived from a hot spring, recent or extinct A hot spring at Fir Zinda in the Soree pass not 
&r from where the sulphur was brought is well known and is a place of much resort 

Close by is a hill called Bindar, which, according to the map, is 2,858 feet high, and stands 
out prominently above the low ranges. The season was unfavorable to my examining that 
part of the country as I should otherwise have done. If this hill should prove to be an 

* I pat thia soneirhftt more itroogly ihao in my origluti report, aa since it waa written, I liad, on the retom 
march, an opportunity of examining the lower rocka more closely. 
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ancient ▼okano, the ooenrrenoe of the solphnr will find an easy eiplanation. A Tint to the 
hill in the cold weather woold be well worth the trouble of any one w&o might hare the oppor- 
tanity of going there. Solphnr is mannfactured firom this ore by the Bozdars and Kosranis, 
and is stated to be abundant. Tbe process is most rimple. An earthen gnrrah (a tiiin spheri- 
cal pitcher) filled with the ore is pkeed on the fire; as soon as sublimation begins to take place 
the fumes are caught in a second gurrah, which is placed mouth downwards on the first ; cakes 
of pure sulphur of more or less crystalline structure are thus produced. 

To the south of the countiy risited by me petroleum is reported to occur in the Man 
hills. It is collected and used by the Bihichis principally for external application to the sores 
of diseased cattle. I have no information as to its abundance. 

Some rather indefinite rumours of brine springs, and one of the occurrence of aotual 
rock salt, reached my ears ; but I cannot vouch for the truth of the statements. 

These, as well as many other sulgeetB, will recdve no doubt Ml attention when the sys- 
tematic examination of the oountiy is taken up by the Geological Survey. 



Note of the pbooebss or Gkological mviri oATioy iir thb Godatabi District, 
Madras Pbbbibivct, 6y William Kivo, b. a.. Deputy SuperimiendetU (for Madras), 
Geological Survey of ludia. 

So far, the God&vari District is one of the most interesting in Southern India, from 
the number and variety of its rock-series : these being found to represent periods in the 
paheozoic, secondary, tertiary and recent ibrmationa. 

Since 1837, the district has been rendered classic through the researches of Dr. Benza, 
(mided by General, then Colonel Cullen), and the Reverend S. Hislop (assisted by Lieutenant, 
now Colonel Stoddard, Madras Engineers) : the first of whom showed that a band of lime- 
stones with mariilb and estuarine exuviie occurred interbedded with trap in the low hills 
of Pangadi ; while in 1855 and 1859 the latter announced that a narrow but broken band 
of the Deccan traps with interirappean limestone containing lower eocene remains cropped 
out not fur &om either bank of the Godavari above the town of Rajahmandri. 

The later inv^tigations of the Geological Survey have added considerably to the above 
knowledge ; aanounceuients of these additions by Mr. W. T. Blanford and myself having 
been given from time to time in these Beoords. 

Taking the several groups of rocks in descending order, there are : — 

1. Becbitt Deposits, including the long-known alluvial accumulations of the 
Godavari and Kistnah which merge into one another and form the wide and extended belt of 
low-lying plains edging this part of the Bay of Bengal. 

2. CiTDDALOBE 8ABDSTOHB8: — These rise up with an easy slope to the westward 
from under the alluvium as the k>w plateaus of Samulcottah, Dowlaishwarum, Fsngadi, 
Chinna Tripetty, and Golapilly, and are here and there capped with laterite. The series 
appears to be identical with a like set of rocks occurring at Cuddalore, the Bed Hills near 
Aladras, and again at Nellore, and more or lees continuous between these places. They 
were named Cuddalore sandstones by Mr. H. F. Blanford in 1857. 

3. Deccan Tbap with ixtbbtbapfbans crop out from under the B4jahm4ndri sand- 
stones at Karteru and P4ngadi ; and as Hislop has shown, the inteitrappean limestone is 
of lower eocene age. A few additional genera and species to those already described have 
been obtidnod by Mr. A. J. Stuart, Sub-Collector of the Godavari^ from the Karteru locality, 
luy own being more particularly from near Pangadi. 
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4. Lambtab or lKFBATBAFFEANS.^While working ont the preceding series in the 
P4ngadi plateau, I diaooyered a new set of rocks immediately underlying the lower flow 
of trap a short distance south of the village of Doodkooroo, which is likewise traoeahle to 
Gowreepatnam, a mile or so further east. The chabootra, or resting place, of Doodkooroo 
and the old pagoda of the second village are built of blocks from a fossiliferous bed of this 
group, which is so crowded with a species of Turritella that it may be called in the series 
the Turritella Zone. This shell is very closely allied to, if not actually identical with, 
T. {Toreula) dispas$a of Stoliczka (Cretaceous Fauna of Southern India, Palseon. Indica). 
The other associated fossils are Nautilus, Sostellaria, Murex, Fasciolaria, Latirus? 
Pyrula, Pusus, Pseudoliva, Pleurotoma, Volutilithes (very near Valuta torulosa, Desh.)* 
Natica, Turritella (near T, Pandicherriensis, Forbes, and T, Multisiriata^ Reuss.), 
• Cerithium, and Dentalium, Ostrea, Cucullea, Pectunculus, Corhis, Cardita (C. variabilis, 
Hisl. and others), and Oytkerea. There are also a CUiopod (Lunulites) and numerous chela 
of a small crab. Only one of these forms, Cardita variabilis, is common to this zone and 
the intertrappeans. There is evidence, I think, to show that the bottom trap of P4ngadi is 
lying unconformably on the Turritella band. LithologicaUy, this group is very similar to 
the Lametas in other parts of India. 

6. Bajmahals.— 'These dark-red and brown ferruginous sandstones and Conglomerates 
with a zone of fine white and buff shales containing Ammonites, Pecten, Nucula, Sfc, with 
Palaozamia, Cgcadites, ^c, crop out from under the Lametas near Daywarrapilli. In 
addition to the above and another set of fossils from Innaparazpolliam, which Dr. Stoliczka, 
just before leaving on the Yarkand expedition, pronounced as having their equivalents in the 
Oomia beds of Eachh (uppermost Jurassic strata), I have, during the last season, obtained a 
good series of plant remains firom the Golapilly plateau some twelve miles west of Ellore. They 
are Pterophyllum Sislopianum, Palaozamia acutijblium. Pal, rigida, Pecopteris Indica, 
P. / lobata, Taxodites ?, Lycopodium 7, Auracarites ?, seeds, leaf-stalks, and stems. 

6. DAictjDAS. — a. Kamthis. A further examination of the fossil-locality near Kun- 
lacheroo (pointed out by W. T, Blanford in a previous number of the Becords) enabled me 
to secure the ioWowing i^Vertebraria, Olossopteris Broumeana, var. Indica, and var? 
Austrdlaeia, G. musafolia ?, Nagggerathia, FUidteSf Phyllotheca Indica, Tuccites 1, and 
stems. 

b. J9aral;ar«.— -The opinion already given by me in Vols. V and YI of the Records that 
the sandstones of B^dadanole are of this group, and that they probably contained coal, has 
been confirmed by the borings selected for Mr. Vanstaveren, the Executive Engineer. Four 
seams of coal and carbonaceous shale were struck, only one of which is, however, of any 
thickness. The bore hole of this is near the eastern edge of the field ; and at 188 feet 
4 inches, a 4| feet seam of poor coal was found. My colleague Mr. Tween ^ves the follow- 
ing assay : — 



Owl. 



Cokt, 



Curboa 

VolatUa 

ABh 



19*4 
63-0 



Carbon 



Ash 



22*5 



77'6 



lOOO 



lOOD 



This was evidently from a fair average of the material brought up from the hole, which 
was more black shale than anything else ; for a subsequent analysis, of fragments of fair coal 
picked from, the stuff, gives — 



CwA, 



Coke. 



Carbon 

VoUtUe 

Ash 



370 

37*8 
26*2 



Carbon 



Ash 



60*5 



40-6 



100-0 



100-0 
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Percentage of moistare, 18*8 

As the borings toe continued in these and in upper stmia» better reaalti as to quantity 
and quality may be obtained. 

There is no other exposure of coal meamret in this district ; neither, from my latest 
examination, which was carried on to Bezwadah and thence westward to within range of the 
old work of Messrs. Charles, M. Oldham, and B. B. Foote, is there any indication of further 
outliers in the Kistnah District. 

7. CBTBTALLiirxs. — ^The gneiss of the QodAvari district and down to Bezwadah is 
to a great extent a highly gametiferous quartaofelspathic variety, well bedded and foliated. 
It often weathers into a rock scarcely distinguishable from a sandstone. Bands of yeiy 
quartzose rock with grapkUe sparingly distributed through it occurs doee to Beswadah, 
as also some beds of crystalline limestone highly charged with pyroxetue. Traces oigraphUe 
toe found in the streams of the B^ddadanole field, which have evidently been brought down 
from the gneiss country to the north. Large masses of tattrmtUme of very black color 
occur at times in the gneiss ; and from one region in the Yemagoodum taluq near Kqye- 
goodum pieces of the same mineral have over and over again been sent to me by the district 
oflBdals* ascoaL 

The area of crystallines has, however, only been cursorily examined as to its details^ and 
it is therefore premature as yet to refer to it except in this short manner. 



NOTBS UPOH THX 8UBSIDIA&T MATBSIAIiS TOB ABTinciAL FUEL, bf ThSODOBS W. H. 

HuoHSB, A. B. 8. M ., c. s., T. o. 8., Chologioal Survejf qf India. 

The manufacture of artificial or brick fuel from small coal and dust, which is becoming 
an important industry in Europe and America, has a very practical bearing upon the develop- 
ment of the coal resources of this country* owing, not to any pressing neoessfty to utiBse the 
waste which is gradually accumulating in our chief centres of mining, but to the fact tliat 
mudi of our coal is exceedingly soft and liable to disintegrate, whilst some of it is so crushed 
in its original bed that it can only be brought to the surface in the form of dust 

It is already apparent that the final remedy for the waste of dust-coal will be the direct 
one of burning it in a state of powder. The advantages of perfect combustion lately obtain- 
ed in this way by Mr. Crampton are so important that it may yet prove economical even to 
crush round coal for the furnace. A£ present, however, in India, where the chief demand is 
for locomotive engines, only two pUns are open to us to render dust-coal of maricetable value ; 
the one to coke it ; the other to convert it into artificial fuel. The system which promises 
least success is that of coking, for the excess of ash and water in some, and the small amount 
of volatile matter in others, affect the coking property of a large percentage of Indian coals, 
and the most generaUy applicable method for their utilisation is that of consolidating them aa 
artificial fuel. It may therefore be useful to bring to notice a very interesting and valuable 
essay, De I' AggUmiratUm des Combustibles, by M. A. Habets, of the l&sole des Minea de 
Li^e, in which the substances are indicated that have found most &vor in France and 
Belgium, where the manu f acture of brick-coal has attained its greatest development. 



* Some yean ago, when amnging the ooUaetioa in (ha Madraa Mnamim, I foand & pleoe of (oonnaliov 
labd]edaaooal,andufonnurdadb7thal«leMr.BoiW0U,x.c.B«whowas<NMoC(lieadTooakaa for (ha oceuitaaca 
of >9oal In tba Kiataah 0iatriet.— W, K. 
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13ie prmoipal qualitieB to be aimed at or avoided in the sabstanoeB used are i^* 

l«<.-^To sniq^ly any defeot in the oomlniatilnliiy of the raw materiaL 

2)m{. — ^To prevent the fuel from ommbling in the fire. 

ML, — ^Not to angment the quantity of inorganic matter in the mass. 

Tar and, above all, ^toh are the matters beet adi^ted to fulfil all these oouditions. 

The principal substances proposed, or that have been the sutject of experiments, are as 
follows :— 

If^-^ Vegetable and mineral tars, fluid and di^ pitch, asphalt, bitumen, resin, and 

gutta-percha. 
2md. — ^Amylaceous substances, damaged starch and farinaceous matter, residues 

from the manufacture of starch, Ac. 
8rc?. — ^Fatty matter, animal or vegetable, oil-cake (colza, poppy, &c.). 
4^A. — Gelatinous matter, gelatine, glue, debris of horns, dung, &c. 
btk. — Mucilaginous matter^ certain decomposed moeses, &c. 
6^A. — Potash or soda soaps. 
'Jih. — Oxygenous substances, such as nitrate of soda, chlorate of potash, and 

peroxide of manganese. 
8^A.— Earthy plastic substances, clay, plaster, lime, tarry cement, and silicate of 

soda. 

hwrgamc aubsianeei, — The inorganic matters comprised under the two last headings 
are evidentiy only applicable for the manufiicture of fuel for domestic purposes, where the 
object is to sustain combustion for a long time without letting the heat be too strong. 
M. Habets leaves it to be in&rred that the oxygenous substances are added to modify in this 
case the purely deadening influence of the incombustible earths, which form as much as 
25 per cent, of the compound. 

Amjflaeeotu substances, — ^After tar and pitch, starchy matters are those which have 
been most firequentiy used. In fuel for domestic consumption they have repboed tar, on 
account of the inconvenience arising from the odour of the latter material. With a proper 
draught, however, no annoyance at all is felt. 

2br.^-Tar, which is still employed to a certain extent in England, has almost entirely 
fallen into disuse in Belgium, and is only retained in a few French factories, it having been 
found that bricks made with tar will not bear lopg carriage, that they stick together when 
placed in heaps, and thatthey give off in burning a great deal of smoke and a disagreeable 
smell. 

JFUM pitch, — ^The manufacture with fluid pitch, which in 1868 had made rapid progress, 
is now (1871) only carried on in two fiMstories in Belgium, namely, at Bauwartan-^where 
Knab's system of coking furnishes the necessary pitch — and at Gosselies, where the em- 
ployment of Evrard's machinery necessitates its use. The plant required for the application 
of fluid pitch [is much larger and more difficult to keep in repair than that required for dry 
pitch. Heaters, pumps, tubes, mixing screws, and special distributers, &c., must be provided ; 
skilled workmen must be employed, and the drawback arising £rom imperfect distillation 
in the drying process must be guarded against^ otherwise ihe bricks will be too smoky and 
melt in the sun. 

Dry pitch, — ^Dry pitch has almost universally superseded fluid pitch, for experience has 
shown that less machinery is required to work it with, a more regular product is obtained, 
and the bricks are less liable to soften. Its employment permits a certain degree of auto- 
matism, which has had the most happy result in the lowering of the oost» owing to the 
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doing away with the neeearity of having apeeially edtuated workmen ; and another great 
advantage lies in the fact that the hrieka eaa be handled almoet immediately after leaving the 
press. 

Dry pitch is not a constant prodact Aeeording as the distillation has been pushed too 
far, or the contrary, its density varies between 1*286 and 1*275. If ihe evaporation is 
carried on to dryness, a prodact is obtained deficient in agerlatinating properties, and it is 
found necessary to add fluid pitch, tar or some heavy oils. The following is an analysis of 
dry pitch of 1*28 density :— 



Carbon 

Hydrogen 

Ofyuw 



... yi-sa 

... 8-19 

... leos 

-43 



100-00 



The above extracts will soffioe to show that M. Habets is an advocate for dry pitch as an 
agglutinating material ; and the experience gpiined in Belgium and the north of France 
certainly p<nnts to it as best adapted for the purpose. But he points out that this process 
has not been adopted in the south of France, owing to the heat of summer making it 
difficult to reduce the dry pitch to the state of powder ; and until this difficulty is sur- 
mounted, the same objection would bold with even greater force for India. In the southern 
provinces of France the soft-pitch process prevails, smoke-consumers being adapted to the 
furnaces to obviate the evil effects of the mass of volatile produots : the same system could 
probably be applied to the case of India. It was no doubt considerations of this nature 
that led Mr. Danvers in his book on coal to elect in favor of the starohy cements for India ; 
and at present the choice seems to lie between these and the soft-piteh process. 

M. Habets makes little or no specific mention of the other substances enumerated in the 
3rd, 4th, and 6tb sections of his list. We may presume that no practical result was obtained 
from them. His essay is most valuable for the detailed descriptions and figures of the 
different processes of manufacture. 

Some attempts have been made to adapt fiirinaoeoiui agglutinants to the semi-bituminous 
waste of our collieries in the B&niganj field ; and considered as mere experiments they were 
successful, but commerciaUy they were failures. Rice and Indian-corn were both tried, and 
they formed good cements, but they constituted a very heavy item in the cost of production. 

I think the time has scarcely arrived for the manufacture of artificial fiiel to be a suc- 
cessful industry in the BUniganj field while whole coal can be procured at its present or 
even at a considerably enhanced price ; but with regard to the D&ijiling coals (which can 
only be extracted as dust), and to a certain extent those of the Wardha valley, the only 
oourse left for utilising them in the absence of the possibility of converting them into coke is 
to make them into brick-coal.* 

Some trials have recently been made in the Central Provinces to consolidate the coal of 
the Warora colliery — ^which is of a very friable nature— by means of rice and gum, &c. 

The proportions of the substances used were^ 



Coal 

Sloe 

Onm 

WitOT ... 

Nitmto of soda 

PotMh ... 



112 fti. 
1 ». 

fit. 

\ gallon. 
4 grains. 
4 



* My colloftgne, Mr. Mallet, was the first to sn^rgest that the D<rjf ling coal, in oi^ar to be rendered atailable, 
ooght to be made into patent>AieL 
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The fuel so prepared was tried at the mint, bat it burnt in a dull, smouldering manner, 
gave a bad welding-heat, and left a great deal of clinker. An assay proved it to contain 
l(h2 per oent. of water and 22*6 per cent, of ash — an amount of useless matter that could 
not &il to retard combustion. 

As a highly oxygenous substance, it might have been supposed that the addition of 
nitrate of soda would assist combustion, but any advantage that the presence of this salt 
ought theoretically to confer would be neutralised by the heat lost in evaporating the water 
that it absorbs readily from the atmosphere. Four grains are scarcely an appreciable 
quantity, and would yield only enough oxygen to enter into combination with less than one 
grain of carbon. To be of any theoretical value, it must be used in larger proportion than 
that ^ven above. But the use of nitrate of soda is, I think, questionable, on the ground of 
its deliquescent nature, unless a plan of rendering each lump of fuel thoroughly water- 
proof can be adopted. It must also affect the formation of clinker. 

Gum, which is one of the ingredients, has never been brought into practical use in 
Europe owing to its price, and the same cixeumstance will probably militate against its 
employment in this countiy. 

When a farinaceous cement is employed, it is usual to add some alum in order to 
strengthen it. The Diamond Fuel Company, which is now working Barker's process, use 
sulphate of alumina or chloride of alumina in hydro-chloric acid, in the proportion of one 
ounce to a gallon of solution of starch. Tar, or better still pitch in small proportion, is also 
added in a small proportion to render the fuel less friable and more water-proof. In the 
case of the Warora fuel, neither alum nor pitch was used. 

The Dfirjfling dust coals approach in composition those of anthracitio r^ons, and will 
require a cement that does not consume in the fire more rapidily than the coal, for it has 
been found that "if the agglutinating material bums too briskly, the particles of coal 
having lost tiieir adhesive coating crumble in the fire and fall through the grate unconsumed."* 
Some slow-burning farinaceous cement will probably be the best substance. On the subject 
of D4r)ning coal, however, I refer the reader to the detailed report of Mr. Mallet, in the 
Memoirs of the Geological Survey, Vol. XI, which is now in the press. 

Attempts have been made to coke mixtures of anthracite and bituminous coal-dust, but 
the coke produced could not bear handling ; it had no density, and it was very porous, owing 
to the fact that the particles of anthracite would not unite with the bituminous particles. 

Putting clay aside as an agglutinating material for the reason which has already been 
given, the most easily procurable cement in this country is that coming under the head of 
starch ; but tar or its derivatives possess properties which render them almost a necessary 
ingredient in most artificial fuels. 

There is not a krge native supply of pitch, but the Bengal Coal Company are carrying 
out experiments in a most spirited way to prove the yields of tar, pitch, oils, &c., from their 
different coals ; and the results will give useful data by which to estimate the capability of 
Indian coals as a source of supply. 

Calcutta, \st October 1874. 

• The ** Journal of the FraiikUn Instituto/' 1874, Vol. LXVII. p. 118. 
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DONATIONS TO MUSEUM. 

A wooden tray and a water sooop^ used by the ' Jalgara ' or gold-washers at Soortoor, Dharwar 
^ district Presented by R. B. Foots, Esq. 

Two modeU of gold nnggets, weight of originals 337 os. 6 dwts. and 1,717 ok. xespeotiYely. 
Presented by G. Elliott, Esq., Melbourne. 

Specimen shewing 'bole' passing into amygdaloidal trap ; £rom the Vindhyan Scaip, Holkar 
Bailway. Presented by Colonel E. C. 8. Williams, b. x. 

Series of Fossils (Mollosca) from the Miocene of Santo Domingo, West Indies. Presented 
by Pbof. Wm . Gabb. 

Fossil plant PeeopterU giganiea^ Brong., from the Forest of Dean. Presented by J. H. 
Gbast, Esq., m . x., Barakar. 



ACCESSIONS TO LIBRABT. 

Fbom l8T July to 30th Sxftxmbxb 1874. 

TUles of Book*, Donors. 

Annual Beport of the Chief Signal Officer to the Secretary of War for 1872, (1873), 8yo., 

Washington. 

Chixf Siokal Officeb, WASHnroTov. 

Eleven Discourses by Sir Wm. Jones, Kt, (1873), 8vo., Calcutta. 

DXFT. BXY., AgBIO. & COMXXBCX. 

Falcokxb, Hugh, & Cautlxt, P. T.— Fauna Antiqua l^valensis, Text & folio of 92 

plates, (1846), 8vo., London. 

„ PalsBontological Memoirs and Notes, Vob. I & II, (1868), 8to.,. 

London. 

Gabb, Wm.— On the Topography and G^logy of Santo Domingo^ (1873), 4to., Philadelphia, 

Thx Author. 

Habbts, a. — De L' Agglomeration des combustibles. Text and AUas, (1871), 8yo., Paris. 

Hamlik, a. C— The Tourmaline (1873), 8yo., Boston. 

Hull, Edwabd.— A Treatise on the building and ornamental stones of Great Britain and 

foreign countries, (1872), 8vo., London. 

Hunt, T. Stxbbt.— History of the Names, Cambrian and Silurian, in C^logy, (1872), 8yo., 

Toronto. 

London International Exhibition of 1873. Detailed list of articles contributed by Bengal, 

(1873), 4to., Calcutta. 

V. Ball. 

Mauby, M. F.— Physical Geography, (1873), Boy. 8vo., New York. 
Powlxtt, Caft. p. W.— Gazetteer of the Elarauli State, (1874), 8vo., Calcutta. 

Thx Authob. 

Beport on the progress and condition of the Boyal Eew Gardens during 1873, (1874), 8vo., 

London. 

India House. 

Saltxb, J. W.— A catalogue of the collection of Cambrian and Silurian Fosdls, (1873), 

4to., Cambridge. 

WoODlfABDIAK MUSEUX. 
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TiiUt of Books. Donors, 

Tawkbt, E. B.— Dandry Garteropoda, (1874), 8vo.» Bristol. 

Thb Authob. 
The complete works of Count Bumfordy Vol. II,* (1873), 8vo., Boston. 

Ambb. Acad., Abts & Scixncbs. 

Translation of a Memoir by M. A. Levol on alloys of silver and copper and their chemical 

composition, (1874), Svo., Calcutta. 

COLONBL HtDB, B. E. 

Vienna Universal Exhibition of 1873. Detailed list of articles contributed by Bengal, 

(1873), 8vo., Calcutta. 

V. Ball. 

Walcott, John.— Descriptions and figures of petrifiiotions found in the quarries, gravel- 
pits, &C., near Bath, 8vo., Bath. 

Wabbbn, D. M.— An Elementary Treatiae on Physical Qeogniphy, (1869), 4to., Philadelphia. 

PERIODICALS. 

American Journal of Science and Arts, 3rd Series, Vol. YII, Nos. 41-43, (1874), 8vo., 

l9^ew Haven. 

Atmales des Mines, 7th Series, Vol V, iivr. I, (1874), 8vo., Paris. 

L'AdMINSTB. DBS MiNBS. 

Annals and Magazme of Natural History, 4th Series, Vol. XIII, Nos. 78—80, (1874), 

8^n>., London* 

Edwabds, a. Miutb.— Becherches a THistoire des Oiseaux Fossiles de la France, 

Uef 36—42, (1867), 4to., Paris. 
C^graphical Magazine, Nos. 2 — 5, (1874), 4to., London. 

Geological Magazine, New Series, Decade 11, Vol. I, Nos. 6—8, (1874), 8vo., London. 
Hanlkt, Sylvan 178, and Thbobald, Wm.— Conehologia Indica, pt. 6, (1874), 4to., London . 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. V, Nos. 9 — 12, 

and VI, No. 1, (1874), 4to., Calcutta and Bombay. 

GoVBBNMBiri OF InDIA. 

Journal de Conchyliologie, 3id Series, Vols. XI to XIV, Nos. 1—3, (1871—74), 8vo., Paris. 
Labtbt, Ed., & Chbistt, H. — ^Beliquise Aquitanic», pt. XIV, (1873), 4to., London. 
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series, 

Vol. XLVII, Nos. 314—310, (1874), 8vo., London. 

LtTTKBS, LB Due DB. — Voyage d' Exploration % la Mer Morte, a Petra, et sur la Rive 

Gauche du Joutdain, Iivr. 15—16, 4to., Paris. 

Mabtiki 0ND CttBHNlTZ. — Systematisches conchyUen-cabinet, lief. 225 — 226, (1874), 4to., 

Niimberg. 

Nature, Vol. X, Nos. 241—263, (1874), 4to., London. 

Neues Jahrbuch fur Mineralogie, Gsoiogie, und Palseontologie, Jahrg. 1874, hefl. 1 — 5, 

(1874), 8vo., Stuttgart 

Petebmann, Db. a. — Geographische Mittheilungen, Baud XX, Nos. 6 & 7, (1874), 4to., 

Gotha. 

„ Geographische Mittheilungen Supplement Nos. 31 — 32, (1872), 4to., 

Gotha. 
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TUUi of Boohs. Donors. 

Ppxiffbb, Db. L. — ^Novitates oonohdc^os, AMh. I. Land-oonchylien, lief 44 & 45, and 

Supplement, V, lief 4—6, 4to., Caeoel. 

PiCTBT, F. J.— Mat^riaux pour la Palaeontologie Suigee, Series VI, livr. 1—10, (1872-73), 

4to., Geneve. 

PoooxNDOBPF, J. C— Annalen der Physik and Chemie, Vol. 161, Noe. 1—6, (1874), 8^., 

Leipzig. 

Professional Papers on Indian Engineering, Snd Series, Vol. Ill, No. 13, (1874), 8vo., 

Boorkee. 

THOMAflOlf COLLBOB OF ClYIL EVGINBBBIITG. 

Qoarterly Journal of Science, No. XLIII, (1874), 8vo., London. 

GOVERNMENT SELECTIONS, Ac. 

Bbitish Bubma. — Report on the Administration of British Burma for 1872-73, (1874), 

8yo., Rangoon. 

Chibf Commb., Bbitish Bubma. 

HtbbabaD.— Memorandum hy the Commissioner, Hydrahad Assigned Distriots, on the 

Survey and Settlement operations for the year ending 31st 
Octoher 1873, (1873), 4to. 

COMXB., HtDBABAD AbSIGNBD D18TBICT8. 

India. — Annals of Indian Administration in the year 1872-73, Vol. XVIII, (1874), Syo., 

Serampur. 

GOTBBKMBNT OF InDIA. 
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Government of India (}iril Budget Estimate for 1874-76, (1874), flsc., Calcutta. 

Ditto. 

List of Civil Officers holding gazetted appointments under the (Government of 

India in the Home, Legislative and Foreign Departments on 
l8t July 1874, (1874), 8vo., Calcutta. 

HoMB Dbpabtmbkt. 

Report of the Proceedings of the Forest Conference, 1873-74, held at Allahahad, 

15th to 19th January 1874. With a Memo, hy D. Brandis, Esq., 
(1874); 8vo., Calcutta. 

Dbpt. Rbv,, Aobic. ahd (Jomxbbcb. 

Selections from the Records of the Government of India, Foreign Department, 

No. 112. Report on the Administration of the Ajmere and 
Mhairwara Districts for 1872-73, (1874), 8vo., Calcutta. 

Govbbnmbnt of India. 

Walker, Col. J. T. — Synopsis of the results of the operations of the Great Trigo- 
nometrical Survey of India, Vol. I, (1874), 4to., Dehra Doon. 

Thb Subvbt. 
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TUUs qf Bcohs. Donors. 

TRANSACTIONS OF SOCIETIES, &o. 

Bbb£IK. — ^Monatsbericht der konig. PreoBs. Akad. der Wissenschaf ten zn Berlin, April to 

Jane, (1874), 8vo., Berlin. 

Thb Acadekt. 

Boston. — Proceedings of the American Academy of Arts and Sciences, Vol. YIII, pp. 605 

to end, (1873), 8vo., Boston. 

Thb Acabbmt. 

Bbbslav. — Abhandlnngen der Schlesischen G^esellschaft, Phil-hist. Abth. and Natnr- 

wissenschaften und Medicin, Abth., 1872-73, (1873), 870., Breslaa. 

Thb SitBsiAN Socibtt. 

„ Fiinfzigster Jahres-Bericht der Schlesischen Gesellschaft, (1873), 8yo., Breslaa. 

Ditto. 

Bbistol. — ^Proceedings of the Bristol Natoralists' Society, New Series, YoL I, pt. 1, (1874), 

8vo., Bristol. 

Thb Socibty. 

CALCUTTA.~Joamal of the Asiatic Society of Bengal, New Series, Vol. XLIII, pt. I, No. 2, 

(1874), 8vo., Calcutta. 

Thb Socibty. 

„ Proceedings of the Asiatic Society of Bengal, Nos. VI and VII, (1874), 8yo., 

Calcutta. 

Ditto. 

Cambbidgb, Mass.— Bulletin of the Museum of Comparative Zoology at Harvard College, 

Vol. ni, Nos. 6 and 6, (1872), 8vo., Cambridge. 

MvsBux OF Comfabattvb Zoology. 
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Illustrated catalogue of the Museum of Comparative Zoology at 
Harvard College, Nos. VII and VIII, (1873), 4to., Cambridge. 

Ditto. 

Dbbsbbn.— 'Sitzungsberichte der naturwissenschaftlichen Gesellsohaft Isis in Dresden, 

Jahrg., 1873, April — December, (1874), 8vo., Dresden. 

Thb Ibis Socibty. 

Edinbubgh.— Transactions of the Boyal Society of Edinbuigh, Vol. XXVII, pt. 1, 

(187!2-73), 4to., Edinbuigh. 

Thb Socibty. 
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Proceedings of the Boyal Society of Edinburgh, Vol VIII, No. 85, (1872-73), 
8vo., Edinburgh. 

Ditto. 

FiOBBHCB. — ^Memoire per servire alia descrizione della Carta C^logica dltalia, VoL 11, 

pt. 2, (1874), 4to., Florence. 

Gbological Commission of Italy. 

Lausavkb. — ^Bulletin de la Soci^t^ Vaudoise des Sciences Naturelles, 2nd Series, Vol. XIII, 

No. 72, (1874), 8vo., Lausanne. 

Thb Vavdois Socibty. 



16S Recordt of ike Geological Smrv^ af ludia. [tol to. 



TkOm 9f Bcoht. 
LoviK>v.— Joonni of the Bast ladk AMoriifinn, Y«L TEEI, Sol 1, (lg7^ Sfo, London. 



Joarml of the Bojil Aflstie Soeietf of Gmft Brifani and Iidbad, New Sena* 

YoL YTI. pt. 1, (1874), 8m, London. 



Jcmnttl of ibe Aotlirapologied Liititiiie of Grwi Bdtm 

pt 1, (1871-73), %wo^ London. 

Tks InmrfB. 

FUkMopliiflii TniMeftioiM of tiM Bojal SocMly of LoBdon, YoL 163^ pta. 1— & 

With Ikt of FclloOT for 1873; (187^ dfto, London. 



Fioeeedin0i of tiie Boyai Sodelj of LoBdon, Yc^ XXII, No. 151, (1874). 8va, 



„ Boport of tiw Britidi Atfodation finr the edvaiKeBient of Sdenee held at Btaid* 

lord. Sept 1873, (1874), 8fo^ London. 

^ MemoiiB of the Idtcruy and Philoiophieal Sodelj of Xandterter, 3id Sarieo, 

YoL lY, (1871), 8m, London. 

THsSocixrT. 

PmeediDgB of the Idteraiy and Phikoophieal Soeiefy of Mandieater, Yo^ 

Xn, 0860-73), 8m., London. 

DlTIO. 

Tiaoflustions of tiie MaiMOieater Gedogiod Sodety, Yol. Xm, pia. I~^ 
8vo«9 London. 

DiXTO. 

Msuoimn.--Traoficliona and Proeeedio^ of the Boyal Society of Yictoria, YoL X, (1874), 

SvOp, Melbourne. 

Tn Socnmr. 

Moscou.— BnUetin de la Soci^ Imp^riale dee Natanlieteo de Mooooo, YoL XLYQ, Ko. 3, 

(1874), 8to., Mooooo. 

Thx Socisnr. 

Nsw Hatbv.— Tranflactions of the Connecticat Academy of Arte and ScienoeB, YoL U, 

pt 2, (1873), 8T0.y New Haven. 

Ths Acannnr. 

Philadblphia.— Joumal of the Fraoklhi Institate, 3rd Series, YoL LXYII, Noe. 3 & 4.- 

(1874), 8vo., Philadelphia. 

Thb Ikstitittx. 

TransactionB of the American Philooophioel Society, New Series, YoL XY, 
pt 1, (1873), 4to., Philadelphia. 

Thx Socistt. 

Proceedings of the American Philosophical Society, YoL XIII, Nos. 90 & 
91, (IS73), 8yo., Philadelphia. 

Ditto. 

RoKB.^Bollettino R. Comitate Geologico d' Italia, Nos. 5 & 6, (1874), 8vo., Rome. 

Geological Com mission of Itixt. 
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'Btlee of Boohs, Donors. 

Salsm, Mass. — Fifth Annual Report of the Trustees of the Peabody Academy of Science 

for 1872, (1873), 8to., Salem. 

Thb Academy. 
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The American Naturalist, Vol. VI, No. 12, VII, Nos. 1—12, and VIII, No. 1, 
(1872-1874), 8vo., Salem. 

Ditto. 

ToKBi. — Lyman, Benjamin Smith. Preliminary Report on the first season's work of the 

Geological Survey of Tesso, (1874), 8to., Tokei. 

Thb Subyey. 

ToBONTC— Canadian Journal, New Series, Vol. XIV, No. 2, (1873), 8vo., Toronto. 

Thb Canadian Ikstitutb. 

ViBUVA. — Jahrbuch der kais. konig. Geologischen Reichsanstalt, Band XXIV, No. 1, 

(1874), 8to., Wien. 

Thb Ikstitxttb. 
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Verhandlungen der kais. konig. Geologischen Reichsanstalt^ Noe. 1-6, (1874), 

8yo., Wien. 

Ditto. 

Sitzungsherichte der k. Akad. der Wissenschaften, Band XLVII, Ahth. II, 

heft 4 & 6, Ahth. Ill, heft 1-5, and Band LXVIU, Ahth. I, heft 
1 & 2, Abth. II, heft 1 & 2, (1873), 8yo., Wien. 

Thb Vienna Academy. 

Washington. — Annual Report of the Board of Regents of the Smithsonian Institute for 

1871, (1873), 8yo., Washington. 

Thb Institute. 

„ Haydbn, F. V. — Sixth Annual Report of the United States Geological 

Survey of the Territories for 1872, (1873), 8vo.» Washington. 

The Subyey. 

„ United States Geological Survey of the Territories. Acridids of North 

America, by Cyrus Thomas, (1873), 4to., Washington. 

Ditto. 
„ Firsts Second, and Third Annual Reports of the United States Geological 

Survey of the Territories for 1867-69, (1873), 8vo., Washington. 

F. V. Haydbn. 

„ Lbidy, Joseph. — United States Geological Survey contributions to the 

extinct Vertebrate Fauna of the Western Territories, (1873), 4to., 
Washington. 

Ditto. 

Wbllinoton.— Transactions and Proceedings of the New 2Sea]and Institute, Vol. VI, 

(1874), 8vo., Wellington. 

The Institute. 

Yokohama.^ — ^Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde 

Ostasiens, Jahrg. 1874, heft 4, (1874), flsc, Yokohama. 

Thb Society. 

Dated Odoher 2/nd, 1874. 
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